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Use  of  Soybean  Futures  Markets  by  Large  Processing  Firms1 

Jerald  A.  Gunnelson  and  Paul  L.  Farris 


Shares  held  by  three  large  processing  firms  of  open-interest  futures  positions  in  soybeans,  soybean 
meal,  and  soybean  oil  varied  substantially  among  commodities  and  individual  contract  months  during 
1957-66.  Concentration  was  frequently  higher  in  soybean  meal  than  in  soybean  oil,  and  lowest  in  soy- 
beans. Higher  levels  of  concentration  appeared  more  often  in  futures  contracts  1  to  3  months  before 
the  delivery  month  than  in  more  distant  months.  Net  long,  or  speculative,  positions  of  the  three  firms 
tended  to  increase  as  changes  in  selected  futures  price  relationships  increased  prospects  for  price  gains 
on  the  unhedged  positions. 

Key  words:  Concentration;  futures  trading;  hedging;  pricing;  risk;  soybeans;  speculation;  structure. 


Selling  and  buying  commodities  for  future  delivery  is 
an  integral  part  of  the  business  operations  of  firms 
engaged  in  processing  and  merchandising  soybeans  and 
soybean  products.  Two  aspects  of  futures  market 
participation  by  leading  soybean  processing  firms  were 
examined  in  this  study:  (1)  The  relative  importance  of 
three  large  firms  in  individual  futures  contract  months 
for  soybeans,  soybean  meal,  and  soybean  oil;  and  (2) 
factors  associated  with  total  short  positions  (cash  and 
futures)  and  net  long  positions  of  the  three  firms  in  the 
three  commodities  combined. 

The  three  firms  were  the  largest  U.S.  soybean 
processors  in  the  latter  part  of  the  period  studied. 
Together  they  operated  about  40  percent  of  industry 
capacity  in  the  mid-1960's.  Each  was  integrated  verti- 
cally to  some  extent  and  also  engaged  in  other  activities 
related  to  grain  processing  and  marketing,  both  domes- 
tically and  internationally. 

Midmonth  data  on  the  cash  and  futures  positions  of 
the  three  firms  in  soybeans,  soybean  meal,  and  soybean 
oil  were  provided  by  the  Commodity  Exchange  Author- 
ity, U.S.  Department  of  Agriculture,  on  a  combined 
summary  basis  to  avoid  disclosing  information  for 
individual  firms.  All  of  the  position  data  were,  therefore, 
aggregates  for  the  three  firms.  Futures  market  open- 
interest  totals  were  obtained  from  published  statistics 
released  by  the  Commodity  Exchange  Authority.  The 
data  were  derived  from  daily  reports  of  traders  to  the 
Commodity  Exchange  Authority  as  of  midmonth.  Price 
data  were  obtained  from  Chicago  Board  of  Trade 
yearbooks.  The  period  selected,  October  1957  through 


1  Purdue  University  Agricultural  Experiment  Station  Journal 
Paper  No.  5020.  Based  on  research  conducted  by  the  Depart- 
ment of  Agricultural  Economics,  Purdue  University,  in  collabora- 
tion with  the  Marketing  Economics  Division,  Economic  Research 
Service,  U.S.  Department  of  Agriculture. 


September  1966,  was  one  of  active  futures  trading  in  all 
three  commodities,  soybeans,  soybean  meal,  and  soy- 
bean oil. 

Relative  Importance  of  the  Three  Firms 

The  three  firms  apparently  used  the  futures  markets 
primarily  to  hedge  their  price  risks  in  carrying  soybean 
stocks  and  making  purchase  commitments,  so  their 
largest  open  futures  positions  were  primarily  on  the 
short  side  of  the  market.  The  combined  short  positions 
of  the  three  firms  accounted  for  significant  proportions 
of  the  open  interest  in  several  individual  futures  contract 
months  during  the  period  (table  1).  Their  dominance 
was  greatest  in  the  soybean  meal  market,  as  reflected  in 
the  fact  that  in  nearly  two-thirds  of  the  months  in  which 
a  short  position  was  reported,  the  three  firms  accounted 
for  20  percent  or  more  of  the  total  short  open  interest. 
In  nearly  one-fifth  of  the  months,  they  held  50  percent 
or  more  of  such  open  interest.  There  were  also  several 
months  in  which  the  three  firms  held  substantial  shares 
of  the  open  interest  on  the  long  side  of  the  meal  market. 

The  three  firms  were  less  dominant  in  the  oil  than  in 
the  meal  markets,  although  they  frequently  held  a 
relatively  large  share  of  the  short  open  interest  in  oil. 
For  example,  in  36  percent  of  the  months  in  which  a 
short  open  interest  in  oil  was  reported  by  the  three 
firms,  their  share  amounted  to  20  percent  or  more  of  the 
total  short  open  interest. 

The  relative  positions  of  the  three  firms  were  much 
lower  in  the  soybean  than  in  the  product  markets. 
Nevertheless,  in  nearly  40  percent  of  the  months  in 
which  they  held  a  short  position  in  soybeans,  the  three 
firms  accounted  for  20  percent  or  more  of  the  short 
open  interest. 
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Table  1.  Distribution  of  contract  months  according  to  share  of  open  interest  held  by  three  large  soybean  processing  firms  on  midmonth 
reporting  dates,  by  commodity  and  futures  position,  October  1957-September  1966a 


Share  of 

Commodity  and  position 

open  interest 
held  by 

Soybeans 

Soybean  meal 

Soybean  oil 

Total 

three  firms 

Short 

Long 

Short 

Long 

Short 

Long 

Short 

Long 

Percent 


Number  of  individual  contract  months 


0>10  

  84 

121 

60 

120 

102 

213 

246 

454 

10>20   

  77 

37 

48 

84 

98 

81 

223 

202 

20>30   

  68 

6 

63 

41 

74 

25 

205 

72 

30>40   

  28 

2 

53 

30 

39 

9 

120 

41 

40>50   

  5 

28 

21 

26 

2 

59 

23 

50>60   

21 

3 

22 

43 

3 

60>70   

19 

6 

9 

28 

6 

70>80   

13 

2 

13 

2 

80>90   

3 

1 

3 

1 

Total  contract 
months  with  posi- 
tions reported  by 

three  firms   262  166  308  308  370  330  940  804 

Contract  months 
with  no  positions 
reported  by  three 

firms   407  503  422  422  348  388  1,177  1,313 


Total  contract 
months  with  open 
interest  reported 

toCEA    669  669  730  730  718  718  2,117  2,117 


a  The  total  number  of  contract  months  for  a  commodity  is  the  number  of  different  delivery  options  with  open  interest  in  October 
1957  added  to  the  number  with  open  interest  in  November  1957,  and  to  the  number  with  open  interest  in  successive  months  to  and 
including  September  1966.  This  sum  differs  by  commodity. 


From  the  market  standpoint,  these  percentages  actu- 
ally understate  the  concentration  of  the  three  largest 
holders  of  open  interest  in  several  individual  contract 
months.  There  were  times  when  one  or  more  of  the 
three  firms  included  in  the  study  was  not  one  of  the 
largest  three  in  the  market.  One  or  more  of  the  three 
processors  may  have  had  no  holdings  at  all  on  a 
particular  side  of  a  given  contract,  so  that  only  one  or 
two  of  the  included  firms  accounted  for  the  percentages 
shown.  In  some  instances,  the  summarized  data  showed 
substantial  shares  on  both  sides  of  a  given  contract 
month.  This  indicates  that  at  least  one  firm  was  on  the 
short  side  and  the  other  one  or  two  on  the  long  side, 
except  for  the  possibility  that  a  firm  might  have  held 
both  short  and  long  positions  in  a  particular  contract. 

For  all  futures  contracts  taken  together,  by  commod- 
ity and  position  in  the  market,  the  share  held  by  the 
three  firms  was  lower  than  in  some  of  the  individual 
contract  months.  This  reflects  the  tendency  of  the  three 
firms,   at   any   given   time,   to   emphasize  particular 


contract  months  rather  than  to  distribute  their  purchases 
or  sales  equally  among  all  available  contract  months.  For 
example,  the  share  held  by  the  three  firms  of  the  total 
combined  short  positions  in  all  contract  months  for 
soybeans  did  not  exceed  14  percent  on  any  midmonth 
reporting  date.  For  soybean  meal  and  soybean  oil,  the 
maximum  short  open-interest  shares  held  by  the  three 
firms  were  56  and  41  percent  respectively.  On  the  long 
side  of  the  market,  the  maximum  shares  held  by  the 
three  firms  of  the  combined  positions  were  10  percent 
for  soybeans,  42  percent  for  soybean  meal,  and  27 
percent  for  soybean  oil. 

Owing  to  the  relative  importance  of  the  three  firms  in 
futures  markets,  their  positions  are  presented  in  greater 
detail  in  appendix  tables  1  through  6.  The  individual 
contract  month  positions  by  level  of  concentration  are 
shown  for  both  the  short  and  long  sides  of  the  market 
for  each  commodity,  and  by  year,  month,  future 
contract  month,  and  number  of  months  before  contract 
termination.  The  comparisons  in  table  2  indicate  the 
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significance  of  differences  in  levels  of  concentration 
according  to  period,  season,  future  contract  month,  and 
nearness  to  contract  termination. 

When  sorted  by  period,  low  concentration  levels  were 
relatively  more  frequent  in  1961-66  than  in  1957-61  for 


the  short  side  of  the  soybean  market.  High  concentra- 
tion levels  were  relatively  more  frequent  in  the  later 
period  for  the  long  side  of  the  soybean  meal  market  and 
the  short  side  of  the  soybean  oil  market. 

Differences  from  the  October-December  quarter  were 


Table  2— Further  distributions  of  contract  months  shown  in  table  1  by  level  of  concentration  and  by  period,  quarter,  delivery  month, 

and  months  before  contract  maturity3 


Comparison  bases 


Low 


Soybeans 


Short 


High 


Long 


Low 


High 


Soybean  meal 


Short 


Long 


Soybean  oil 


Short 


Low      High      Low      High      Low      High       Low  High 


Long 


Period: 


Oct.  1957-Sept.  1961 
Oct.  1961-Sept.  1966 


Total . 


Quarter: 


Oct.-Dec. 
Jan.-Mar. 
Apr.-June 
July-Sept. 


Total  . 

Delivery  month: 

October  .  . 
November 
December  . 
January  .  . 
March  .  .  . 
May  .... 
July  .... 
August  .  .  . 
September 


Total 


Months  before  contract 
maturity: 


0-3 
4-9 


Total 


262 


75 
86 


70 

31** 


262 


Number  of  individual  contract  months 


59 

55 

51 

12 

84 

37 

98 

15 

116 

35 

127 

22 

702 

46** 

70 

33 

140 

47 

106 

89** 

84 

735** 

167 

14 

262 

166 

308 

308 

370 

330 

56 

30 

39 

9 

57 

28 

54 

24 

53 

50 

84 

10 

.  29 

36* 

25 

12 

51 

24 

50 

25 

43 

42 

68 

6 

.  33 

24 

29 

8 

63 

17 

52 

30 

44 

32 

59 

7 

.  43 

11 

28 

16 

53 

15 

48 

25 

60 

46 

83 

13 

262 

166 

308 

308 

370 

330 

20 

14 

22 

16 

18 

25 

36 

14 

.  49 

7 

27 

28 

30 

9 

23 

11 

35 

8** 

36 

5 

.  22 

78* 

24 

9* 

29 

7 

12 

24* 

17 

29 

32 

3 

.  24 

20* 

21 

3** 

33 

14 

40 

6** 

24 

26 

41 

1* 

34 

23** 

24 

4** 

30 

18 

32 

11 

39 

26 

53 

3* 

.  22 

30** 

17 

0** 

43 

10* 

39 

15 

35 

26 

48 

2* 

.  4 

3* 

4 

1* 

30 

3* 

19 

18 

9 

12 

10 

8 

6 

0 

4 

0** 

9 

9 

77 

3* 

23 

18 

37 

1* 

166 


308 


308 


370 


70 
51 


24 
21 


125 
99 


51 
33 


106 
98 


48 
56 


100 
700 


111 

59** 


166 


308 


308 


370 


330 


139 
155 


21 
15 


330 


aIn  each  instance,  low  concentration  is  defined  as  under  20  percent  of  the  total  and  high  concentration  as  equal  to  or  over  20  per- 
cent of  the  total,  except  for  long  soybean  positions  which  are  divided  at  the  10  percent  level,  and  long  and  short  soybean  meal  posi- 
tions which  are  divided  at  the  40  percent  level.  In  each  section  of  the  table  the  distribution  among  concentration  levels  for  the  first  row 
was  compared  with  the  corresponding  distribution  for  each  of  the  remaining  rows  using  the  t-test  based  on  the  standard  error  of  the 
difference  between  two  proportions  in  two  different  frequency  distributions.  Those  rows  differing  significantly  from  the  first  row  in 
each  section  are  marked  with  asterisks— one  asterisk  for  the  5  percent  level  of  significance  and  two  asterisks  for  the  1  percent  level. 
Italics  indicate  that  the  number  of  observations  is  significantly  larger  than  expected. 

Source:  Appendix  tables  1-6. 
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not  significant  except  for  the  January-March  quarter  on 
the  short  side  of  the  soybean  market,  when  high 
concentration  levels  were  relatively  more  frequent. 

The  various  delivery-month  distributions  of  concen- 
tration levels  were  compared  with  the  November  con- 
tract for  soybeans  and  the  October  contract  for  soybean 
meal  and  oil.  In  nearly  all  delivery  months  for  soybeans, 
concentration  was  relatively  lower  in  the  November 
contract  than  in  other  contracts  on  the  short  side  of  the 
market,  but  higher  in  the  November  contract  than  in 
other  contracts  on  the  long  side. 

For  soybean  meal,  low  concentration  was  relatively 
more  frequent  in  July  and  August  contracts  than  in  the 
October  contract  on  the  short  side  of  the  market.  On  the 
long  side  of  the  soybean  meal  market,  high  concentra- 
tion was  relatively  more  frequent  in  January  than  in 
October  but  less  frequent  in  March  and  September. 

For  soybean  oil,  low  concentration  was  relatively 
more  frequent  in  the  December  than  in  the  October 
contract  on  the  short  side  of  the  market.  Low  concentra- 
tion was  also  relatively  more  frequent  in  the  March, 
May,  July,  and  September  contracts  than  in  the  October 
contract  on  the  long  side. 

The  comparisons  by  nearness  to  contract  maturity 
showed  that  more  positions  were  held  in  contracts  up  to 
3  months  away  than  in  more  distant  contract  months. 
The  concentration  levels  were  relatively  lower  in  the 
more  distant  months  than  in  the  near  months  for  the 
short  side  of  the  soybean  and  soybean  oil  markets. 

Factors  Associated  with  Short 
and  Long  Positions 

Emphasis  in  the  second  part  of  the  study  was  focused 
on  behavior  of  the  firms  in  handling  risk  associated  with 
their  soybean  and  soybean  products  positions.  As  we 
have  seen,  the  three  processing  firms  were  particularly 
active  on  the  short  side  of  the  soybean  and  soybean 
product  markets,  which  is  consistent  with  their  need  to 
hedge  against  the  risk  of  price  change  on  cash  stocks  and 
purchase  commitments  for  their  processing  and  mer- 
chandising operations. 

Two  multiple  regression  models  were  developed  for 
the  purpose  of  determining  the  importance  of  various 
factors  hypothesized  to  be  associated  with  total  short 
and  net  long  positions  of  the  three  firms.  The  variables 
are  described  in  table  3  and  the  results  presented  in  table 
4. 

In  equation  1,  the   dependent  variable  was  total  short 
positions  of  the  three  firms.  Total  long  positions  of  the 
three   firms   explained  a  substantial   portion  of  the 
variation  in  their  combined  short  positions,  as  reflected 


in  a  simple  coefficient  of  determination  of  0.81  between 
the  total  long  and  total  short  data  series.  However,  in 
addition  to  the  total  long  position,  certain  price  relation- 
ships appeared  to  have  significant  influences,  and  there 
was  a  definite  seasonal  pattern.  When  variables  represen- 
ting these  influences  were  included,  along  with  the 
combined  long  position,  the  multiple  coefficient  of 
determination  was  0.93. 

To  focus  more  directly  on  the  effects  of  these  other 
factors,  equation  2  was  developed.  The  total  short 
position  was  subtracted  from  the  total  long  position, 
leaving  a  net  long,  or  exposed,  position  so  far  as 
positions  in  the  three  commodities  were  concerned.  The 
average  net  long  position  for  the  three  firms  during 
1957-66  amounted  to  about  10  percent  of  their  average 
total  long  position.  In  about  one-fourth  of  the  months, 
the  net  long  position  was  25  percent  or  more  of  the  total 
long  position.  In  another  one-fourth  of  the  months,  the 
three  firms  as  a  group  were  net  short. 

The  net  long  position  became  the  dependent  variable 
in  equation  2,  and  the  same  other  factors  used  in 
equation  1,  excluding  the  total  long  position,  were 
included  as  hypothesized  explanatory  variables.  The 
same  pattern  of  results  appeared  in  equation  2  as  in 
equation  1  except  that  the  signs  of  the  coefficients  were 
opposite,  which  is  consistent  with  the  ways  in  which  the 
dependent  variables  were  described. 

One  of  the  important  price  relationships  associated 
with  the  net  long  position  was  the  near  futures  minus 
the  support  price  for  soybeans.  It  was  expected  that  as 
this  price  differential  increased  the  net  open  position 
would  decrease,  because  of  increasing  price  risk.  When 
actual  or  near  futures  prices  are  near  the  Government 
price  support,  the  risk  of  further  price  declines  is  very 
low.  Upward  price  movements  would  then  be  much 
more  likelv  than  a  price  decline  below  the  support  level. 
A  price  advance  would  give  a  holder  of  unhedged  stocks 
an  opportunity  to  make  a  speculative  gain.  The  regres- 
sion coefficient  for  this  variable  supports  the  hypothesis, 
and  it  is  consistent  with  Allen  Paul's  finding  that  hedging 
is  small  when  prices  are  near  the  support  level.  "As 
soybeans  rise  above  supports,  the  hazards  of  loss  increase 
and  processors  hedge  more."2 

The  effects  of  the  storage  price  spread  on  the  net  long 
position  for  soybeans  were  different  from  those  for  the 
products.  A  wider  storage  price  spread  (that  is.  the 
distant  futures  price  minus  the  nearby)  was  inversely 
related  to  the  net  long  position.  The  reason  for  this 
inverse  association  would  appear  to  be  similar  to  the 


2  Allen  B.  Paul,  "Pricing  Below  Cost  in  the  Soybean  Pro- 
cessing Industry,"  Jour.  Farm  Econ.,  Vol.  48,  No.  3,  Part  II, 
August  1966,  p.  17. 
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Table  3.— Variables  used  in  the  regression  analyses 


Variable 


Description 


Combined  positions  of  three 
large  soybean  processors: 

Total  long  position    .  .  . 


Total  short  position 


Physical  stocks  of  soybeans,  soybean  meal,  and  soybean  oil,  plus  soybean 
purchase  commitments  plus  long  positions  in  the  futures  markets  for 
soybeans,  soybean  meal  and  soybean  oil,  in  thousand  bushels  of  soy- 
beans. (Soybean  meal  and  soybean  oil  were  converted  to  soybean 
equivalents.) 

Advance  sales  of  soybeans  and  soybean  products  to  cash  customers  plus 
short  positions  in  the  futures  markets  for  soybeans,  soybean  meal  and 
soybean  oil,  in  thousand  bushels  of  soybeans.  (Soybean  meal  and  soy- 
bean oil  were  converted  to  soybean  equivalents.) 


Net  open  position   

Near  futures  minus  support 
price,  soybeans   

Soybean  storage  price  spread  .  .  .  . 
Soybean  meal  storage  price  spread 


Total  long  position  minus  total  short  position. 


The  midmonth  closing  price  for  soybeans  in  the  nearest  futures  trading 
minus  the  national  support  price  for  soybeans,  in  cents  per  bushel. 

The  midmonth  closing  price  for  soybeans  in  the  trading  month  6  months 
away  from  the  nearest  futures  trading  month  minus  the  midmonth 
closing  price  in  the  nearest  futures  trading  month,  in  cents  per  bushel. 

The  midmonth  closing  price  for  soybean  meal  in  a  trading  month  5  to  8 
months  away  from  the  nearest  futures  trading  month  minus  the  mid- 
month  closing  price  in  the  nearest  futures  trading  month,  in  dollars 
per  ton. 


Soybean  oil  storage  price  spread 


Processing  margin,  near  futures 


Supply  of  soybeans,  beginning  of 
marketing  year  


Seasonal  factors 


The  midmonth  closing  price  for  soybean  oil  in  a  trading  month  6  to  8 
months  away  from  the  nearest  futures  trading  month  minus  the  mid- 
month  closing  price  in  the  nearest  futures  trading  month,  in  cents  per 
pound. 

The  processing  margin  based  on  the  midmonth  closing  prices  in  the  near- 
est futures  trading  month  for  soybeans,  soybean  meal,  and  soybean 
oil,  in  cents  per  bushel.  (It  was  assumed  that  1  bushel  of  soybeans 
yielded  47  pounds  of  soybean  meal  and  11  pounds  of  soybean  oil.) 


Production  plus  stocks  as  of  September  1,  in  million  bushels. 

Zero-one  variables  for  each  month  except  September,  which  was  arbi- 
trarily selected  as  the  base  month. 


inverse  association  observed  for  the  price  differential 
between  the  near  futures  and  the  support  price.  As  more 
distant  futures  prices  for  soybeans  rise  relative  to  near 
futures,  opportunities  to  make  gains  on  unhedged  stocks 
by  selling  distant  futures  appear.  This  would  reduce  the 
net  long  position.  Moreover,  the  risk  of  an  eventual 
narrowing  storage  price  differential  becomes  greater  as 
the  spread  widens. 

The  impacts  of  storage  price  spreads  for  meal  and 
oil  on  net  long  positions,  on  the  other  hand,  both 
tended  to  be  opposite  to  that  of  the  storage  price 


spread  for  soybeans.  That  is,  high  distant  futures 
prices  for  the  products  relative  to  the  near  futures  were 
associated  with  relatively  high  net  long  positions.  Low 
distant  futures  prices  for  the  products  relative  to  the 
near  futures  were  associated  with  relatively  low  net  long 
positions. 

A  possible  explanation  for  this  finding  might  arise 
from  differences  in  price  risk  associated  with  the  relation 
of  distant  to  nearby  futures.  That  is,  a  high  distant 
futures  price  for  the  products  relative  to  the  near 
futures,  other  things  being  equal,  may  have  encouraged 
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Table  4.— Regression  estimates  of  relations  between  hypothesized  explanatory  variables  and  summary  of  positions  in  soybeans,  soybe; 
meal,  and  soybean  oil  for  three  large  soybean  processors,  midmonth  observations,  October  1957  through  September  1966^ 


Equation  number  and  dependent  variable 

Item 

(1) 

(2) 

Total  short 

Net  long 

position 

nosi  \\  c\x\ 

R2   

.931 

.578 

it  (corrected  tor  degrees  of  freedom)  

.915 

io- 

-4o0 

d  

1.12 

1.19 

Constant 

-40,255.43*** 

35,771.00*** 

(4.49) 

(3.78) 

Explanatory  variables,  including  6's  with  f-values  in  parentheses: 

.73  *** 

<y.54) 

Near  futures  minus  support  price,  soybeans  

174.27*** 

-132.60** 

(3.30) 

(2.48) 

Soybean  storage  price  spread  .  . 

1.360.56*** 

-1.492.53*** 

(5.13) 

(2.48) 

Sovbean  meal  storage  price  spread   

-2.922.21*** 

3.444.48*** 

(4.27) 

(4.85) 

Soybean  oil  storage  price  spread  

-13,829.26*** 

10.099.24*** 

(4.72) 

(3.37) 

Processing  margin,  near  futures   

-1,011.87*** 

1.032.62*** 

(4.0O) 

(4.49) 

Supply  of  soybeans,  beginning  of  marketing  year  

42.97*** 

-12.77 

(3.05) 

(  99^ 

Seasonal  factors  (difference  from  September): 

-1,082.53 

6.264.77 

(.22) 

(1.32) 

November  

7,827.33 

3,564.26 

(1.27) 

(.69) 

20,074.08*** 

-8.347.49* 

(3.38) 

(1.76) 

January  

8,292.06 

2,606.57 

(1.35) 

(50) 

kphni  an- 

23.606.33*** 

-16.521.86*** 

(4.20) 

(3.14) 

\1a  rpn 

21,232.02*** 

-17.908.50*** 

(4.06) 

(3.39) 

24,769.60*** 

-23.606.63*** 

(4.39) 

(4.00) 

May   

18,552.91*** 

-19.002.13*** 

(3.51) 

(3.40) 

5,553.46 

-6.279.73 

(1.12) 

(1.19) 

J"'y   

3,059.80 

-5.380.39 

(.64) 

(1.06) 

August   Lt) 

1,710.24 

-5,563.75 

(.32) 

(.98) 

*  significant  at  1  percent  level 

*  significant  at  5  percent  level 

*  significant  at  10  percent  level 


Based  on  95  observations.  On  13  of  the  108  midmonth  reporting  dates,  no  open  position  was  reported  for  the  three  firms. 
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at  least  two  types  of  market  activity.  On  the  one  hand, 
an  increase  in  distant  product  futures  selling  probably 
occurred.  But  concurrently,  near  futures  buying  may 
have  increased.  Also,  soybean  buying  was  probably 
stimulated,  in  either  the  cash  or  futures  markets,  or 
both. 

With  future  product  prices  rising,  other  things  being 
the  same,  prospective  processing  margins  would  be 
increasing,  and  this  would  tend  to  encourage  the  selling 
of  product  futures  and  the  purchase  of  cash  soybeans. 
The  potential  would  increase  for  speculative  gain  from 
acquiring  and  holding  unhedged  stocks  of  soybeans. 
There  would  be  strong  incentive  to  step  up  purchase  of 
the  raw  input  before  its  price  would  rise,  or  before 
future  product  prices  and  raw  input  prices  would  tend.to 
return  to  a  more  usual,  narrower  relationship.  This  kind 
of  market  behavior  would  tend  to  increase  the  net  long 
position. 

With  distant  product  futures  prices  low  relative  to 
near  futures  product  prices,  or  possibly  below  the  near 
futures,  purchase  of  distant  product  futures  and  sale  of 
nearby  futures  would  be  encouraged.  Also,  a  decline  in 
distant  futures  product  prices  relative  to  near  futures, 
other  things  being  the  same,  reduces  distant  futures 
processing  margins.  Processors  might  tend  to  reduce  any 
unhedged  long  soybean  positions. 

The  positive  relationship  between  the  processing 
margin  based  on  near  futures  prices  and  the  net  long  posi- 
tion is  consistent  with  increasingly  unfavorable  prospects 
for  speculative  gains  from  holding  unhedged  soybean 
stocks.  That  is,  a  rising  processing  margin  would  probably 
encourage  the  selling  of  product  futures  and  stimulate  the 
acquisition  of  soybean  stocks  or  the  purchase  of  soybean 
futures.  There  would  appear  to  be  an  increased  speculative 
incentive  to  increase  holdings  of  unhedged  soybean 
stocks  or  to  take  long  positions  in  soybean  futures. 

To  point  up  the  relative  importance  of  changes  in  the 
different  types  of  price  relationships  on  the  net  long 
position,  each  price  relationship  coefficient  was  converted 
to  the  amount  of  change  which  would  result  in  a  1  cent 
per  bushel  change  in  the  value  of  soybeans  (or  equivalent 
in  meal  or  oil).  The  1  cent  per  bushel  changes  were 
associated  with  changes  in  the  net  long  position  as 
follows: 


Change  of  1  cent  per  bushel  in 
value  of  soybeans  (or  equiva- 
lent in  meal  or  oil)  resulting 
from  change  in: 

Near  futures  minus  support 

price,  soybeans 
Soybean  storage  price 

spread 

Soybean  meal  storage  price 
spread 


Associated  change  in  net  long 
position  of  the  three  firms  in 
million  bushels  of  soybeans 
(or  equivalent  in  meal  or  oil): 

-.13 
-1.49 
1.47 


Soybean  oil  storage  price 

spread  .92 
Processing  margin,  near 

futures  1.04 

The  results  show  that  given  changes  in  storage  price 
spreads  and  the  near  futures  processing  margin  had  larger 
impacts  on  net  long  positions  of  the  three  firms  than 
changes  in  the  differential  between  the  near  futures  and 
the  support  price,  other  things  being  equal.  Among 
storage  price  spreads,  changes  in  oil  price  differentials 
had  a  relatively  smaller  impact  than  changes  in  soybean 
or  soybean  meal  storage  price  differentials. 

The  overall  supply  of  soybeans  was  not  strongly 
associated  with  the  net  long  position  of  the  three  firms. 
The  direction  of  the  influence  was  negative,  as  expected. 
That  is,  a  reduced  soybean  supply  was  associated  with  an 
increase  in  the  net  long  position,  probably  reflecting  the 
increased  expectation  of  rising  futures  prices  when 
soybean  supplies  are  down  and  an  increase  in  speculative 
gain  from  carrying  unhedged  stocks. 

The  seasonal  factors  indicate  that,  after  taking 
account  of  the  above-mentioned  price  spread  effects,  the 
net  long  position  was  relatively  high  in  the  fall  and  that 
it  decreased  as  the  year  progressed  through  the  spring 
months.  Such  behavior  is  consistent  with  the  general 
expectation  during  the  harvest  season  that  soybean 
prices  are  more  likely  to  rise  than  to  fall  as  the  year 
progresses.  By  late  spring  and  summer,  the  net  long 
position  began  increasing  again,  reaching  a  high  in 
October. 

Qualification  of  the  Regression  Results 

This  is  an  exploratory  study  based  on  aggregated  data 
for  three  firms.  Although  the  patterns  observed  for  the 
three  as  a  group  seem  plausible,  there  were  times  when 
all  firms  did  not  behave  in  similar  fashion.  Futures 
market  activities  can  be  quite  intricate.3  Hedging  and 
arbitraging  behavior  have  many  dimensions  and  can 
include  other  commodities,  other  markets,  and  other 
unspecified  considerations.  Also,  the  variables  employed 
in  the  analysis  might  have  been  measured  in  other  ways, 
and  the  implicit  assumption  of  linear  relationships  may 
not  always  have  been  appropriate.  The  results  of  this 
study  should,  therefore,  be  considered  tentative  and 
suggestive  of  hypotheses  for  further  testing. 


3  For  further  discussion  see  Henry  B.  Arthur,  Commodity 
Futures  as  a  Business  Management  Tool,  Harvard  Univ.  Grad.  Sch. 
Bus.  Admin.,  Boston,  1971,  and  Thomas  A.  Hieronymus,  Eco- 
nomics of  Futures  Trading,  Commod.  Res.  Bur.,  New  York,  1971. 
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Appendix  table  1.— Short  soybeans:  Distribution  of  contract  months  according  to  share  of  open  interest  held  by  three  large  soybean 
processing  firms  on  midmonth  reporting  dates,  by  year,  month,  deliver)'  month,  and  months  before  contract  maturity,  October 
1957-September  1966 


Item 

Range  in  percentage  held 
by  three  processors 

Total 

0-9 

10-19 

20-29 

30-39 

40-49 

reported 

Number  of  individual  contract  months 


Marketing  year 
(October-September): 

1957-  58   

1958-  59   

1959-  60   

1960-  61   

1961-  62   

1962-  63   

1963-  64   

1964-  65   

1065-66   


6 
6 
10 
14 
11 
6 
7 
11 
13 


5 
3 
9 
6 
9 
7 

17 
9 

12 


3 
6 
10 
11 

8 
13 

7 
7 
3 


15 
26 
35 
38 
28 
28 
32 
32 
28 


Total  

84 

77 

68 

28 

5 

262 

\1nnth  ' 
.>1U1 1  LI  I  • 

October  

8 

13 

3 

3 

1 

28 

November  

10 

8 

7 

5 

30 

December 

7 

10 

4 

4 

3 

28 

January   

3 

11 

6 

2 

22 

February   

3 

7 

13 

1 

24 

March   

2 

3 

11 

2 

1 

19 

April  

5 

5 

4 

5 

19 

May  

5 

3 

7 

2 

17 

June   .  .  .  .  

10 

">5  "■ 

5 

1 

21 

July  

.-  9'  " 

6 

3 

1 

19 

August  

7 

2 

1 

..1 

11 

September   

15 

4 

4. 

1 

24 

84 

77 

Do 

28 

5 

Delivery-  month: 

33 

16 

5 

2 

56 

January   

15 

7 

9 

6 

3 

40 

March   

9 

15 

9 

10 

44 

May  *  M  •  -\ 

11 

23 

16 

7 

57 

July  

9 

13 

26 

3 

i 

52 

August3   

1 

3 

3 

7 

September   

6 

6 

Total  

84 

77 

68 

28 

5 

262 

Months  before  contract 

maturity: 

0  

10 

4 

1 

1 

16 

1  

9 

12 

10 

9 

2 

42 

2  

8 

11 

20 

8 

47 

3  

7 

14 

13 

4 

2 

40 

4  

10 

13 

12 

3 

1 

39 

5  

14 

10 

7 

1 

32 

6  

13 

7 

4 

25 

7  

7 

5 

1 

1 

14 

8  

4 

1 

5 

9  

2 

2 

Total  

84 

68 

28 

5 

262 

aThe  August  futures  contract  for  soybeans  began  with  1962  deliver)  . 
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Appendix  table  2.— Long  soybeans:  Distribution  of  contract  months  according  to  share  of  open  interest  held  by  three  large  soybean 
processing  firms  on  midmonth  reporting  dates,  by  year,  month,  delivery  month,  and  months  before  contract  maturity,  October 
1957-September  1966 


Item 

Range  in  percentage  held  by 

three  processors 

Total 

0-9 

10-19 

20-29 

30-39 

reported 

Marketing  year 
(October-September): 

1957-  58   

1958-  59   

1959-  60   

1960-  61   

1961-  62   

1962-  63   

1963-  64   

1964-  65   

1965-  66   


Number  of  individual  contract  month  positions 


12 
18 
10 
11 
22 
6 
13 
14 
15 


15 
21 
13 
14 
25 
13 
22 
19 
24 


Total  

121 

37 

6 

2 

166 

Month: 

14 

4 

18 

November  

12 

1 

1 

14 

13 

3 

16 

T  a  n  narv 

5 

13 

February   

10 

3 

13 

March   

7 

2 

1 

1 

11 

April   

9 

3 

12 

May  

9 

2 

11 

June   

11 

3 

14 

July  

9 

4 

1 

14 

7 

1 

2 

10 

September   

12 

7 

1 

20 

Total  

121 

37 

6 

2 

166 

Delivery  month: 

November  

27 

21 

6 

1 

55 

24 

9 

33 

March   

21 

2 

1 

24 

May  

24 

4 

28 

July  

17 

17 

August3  

4 

1 

5 

September   

4 

4 

Total  

121 

37 

6 

2 

166 

Months  before  contract 

maturity: 

0  

8 

3 

1 

2 

14 

1  

24 

5 

29 

2  

24 

6 

1 

31 

3  

14 

4 

2 

20 

4  

14 

6 

1 

21 

5  

13 

5 

18 

6  

14 

2 

16 

7  

8 

2 

10 

8  

1 

2 

1 

4 

9  

1 

2 

3 

Total  

121 

37 

6 

2 

166 

3The  August  futures  contract  for  soybeans  began  with  1962  delivery. 
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Appendix  table  3.— Short  soybean  meal:  Distribution  of  contract  months  according  to  share  of  open  interest  held  by  three  large  soybean 
processing  firms  on  midmonth  reporting  dates,  by  year,  month,  delivery  month,  and  months  away  from  contract  maturity, 
October  1957-September  1966 


Range  in  percentage  held  by  three  processors 

Total 

0-9 

10-19 

20-29 

30-39 

40-49 

50-59 

60-69 

70-79 

80-89 

reported 

Number  of  individual  contract  months 


Marketing  year 
(October-September): 

1957-  58   

1958-  59   

1959-  60   

1960-  61   

1961-  62   

1962-  63   

1963-  64   

1964-  65   

1965-  66   


7 
6 
6 
6 
10 
12 
6 
7 


2 
5 
5 
2 
9 
2 
3 
6 
14 


7 
12 
5 
5 
2 
5 
5 
9 
13 


7 
6 
5 
4 
2 
9 
2 
8 
10 


31 
39 
21 
30 
20 
27 
33 
52 
55 


total  

00 

48 

no 
DO 

53 

28 

21 

19 

13 

3 

308 

Month. 

October  

3 

2 

7 

3 

4 

1 

1 

21 

November  

2 

5 

6 

9 

2 

3 

2 

3 

32 

December   

6 

3 

6 

5 

3 

3 

4 

1 

1 

32 

January  

2 

5 

1 

7 

3 

1 

3 

3 

25 

February  

6 

3 

4 

5 

2 

2 

2 

1 

1 

26 

March  

7 

1 

6 

4 

2 

3 

1 

24 

April  

8 

5 

6 

2 

1 

2 

2 

1 

27 

May  

6 

2 

5 

6 

3 

2 

1 

25 

June  

4 

6 

7 

6 

1 

4 

28 

July  

3 

6 

7 

3 

4 

1 

1 

25 

August   

7 

3 

4 

2 

1 

2 

1 

20 

September  

6 

7 

4 

1 

2 

2 

1 

23 

Total  

60 

48 

63 

53 

28 

21 

19 

13 

3 

308 

Delivery  month: 

October  

3 

3 

8 

6 

5 

4 

2 

2 

34 

December   

9 

7 

7 

7 

6 

2 

1 

39 

January  

6 

6 

7 

10 

4 

1 

2 

36 

March  

9 

8 

10 

6 

3 

2 

5 

3 

i 

47 

May  

2 

9 

8 

11 

I  ** 

5 

8 

4 

48 

July  

17 

8 

11 

7 

4 

3 

1 

1 

i 

53 

August   

10 

4 

11 

5 

3 

33 

September  

4 

3 

1 

...  1 

2 

4 

1 

2 

18 

Total  

60 

48 

63 

53 

28 

21 

19 

13 

3 

308 

Months  before 

contract  maturity: 

0   

5 

4 

6 

2 

3 

20 

1   

4 

10 

9 

13 

4 

8 

2 

4 

1 

55 

2   

3 

6 

14 

14 

5 

2 

7 

1 

52 

3   

13 

5 

10 

7 

4 

6 

4 

49 

4  

11 

7 

5 

8 

3 

2)-| 

4 

1 

41 

5   

9 

5 

9 

1 

3 

2 

1 

1 

31 

6   

4 

7 

4 

3 

2 

1 

21 

7   

7 

1 

5 

2 

2 

1 

1 

1 

20 

8   

3 

2 

3 

1 

1 

2 

12 

9   

1 

1 



1 

1 

5 

10   

2-  . 

2 

Total  

60 

48 

63 

53 

28 

21 

19 

13 

3 

308 

36 


Appendix  table  4.— Long  soybean  meal:  Distribution  of  contract  months  according  to  share  of  open  interest  held  by  three  large  soybean 
processing  firms  on  midmonth  reporting  dates,  by  years,  month,  delivery  month,  and  months  before  contract  maturity,  October 
1957-September  1966 


Range  in  percentage  held  by  three  processors 

Total 

0-9 

10-19 

20-29 

30-39 

40-49 

50-59 

60-69 

70-79 

80-89 

reported 

Marketing  year 
(October-September): 

1957-  58   

1958-  59   

1959-  60   

1960-  61   

1961-  62   

1962-  63   

1963-  64   

1964-  65   

1965-  66   

Total  


120 


84 


Number  of  individual  contract  months 


11 

13 

7 

2 

33 

24 

14 

1 

1 

40 

11 

1 

3 

1 

16 

23 

1 

24 

5 

4 

3 

2 

14 

8 

8 

4 

4 

2 

1 

27 

14 

7 

7 

2 

4 

4 

1 

39 

4 

21 

8 

11 

12 

1 

2 

1 

1  61 

20 

15 

8 

7 

3 

1 

54 

41 


30 


21 


308 


Month: 


October  

12 

7 

2 

2 

10 

7 

3 

3 

2 

December  

11 

7 

5 

3 

1 

January   

12 

6 

2 

3 

February   

14 

3 

5 

2 

1 

March   

9 

6 

4 

3 

1 

April  

14 

3 

3 

2 

3 

May  

8 

10 

3 

2 

3 

June   

10 

7 

5 

4 

3 

July  

10 

6 

5 

5 

August  

5 

11 

1 

2 

2 

September    .  .  .  . 

5 

11 

3 

1 

3 

24 
25 
29 
26 
25 
24 
26 
27 
29 
27 
22 
24 


Total 


120 


84 


41 


30 


21 


308 


Delivery  month: 


October  

14 

8 

2 

5 

4 

3 

1 

1 

38 

December  

10 

13 

5 

2 

3 

1 

34 

January   

6 

6 

7 

8 

2 

36 

March   

28 

12 

3 

1 

1 

46 

May  

21 

11 

9 

2 

43 

July  

21 

18 

9 

5 

54 

August  

11 

8 

4 

7 

1 

1 

1 

37 

September   

9 

8 

2 

20 

Total  

120 

84 

41 

30 

21 

3 

6 

2 

1 

308 

Months  before  contract 

maturity: 

0  

3 

5 

5 

1 

2 

1 

2 

1 

20 

1  

20 

10 

7 

4 

1 

42 

2  

23 

9 

5 

4 

2 

1 

44 

3  

23 

13 

5 

2 

3 

1 

1 

48 

4  

15 

11 

5 

3 

6 

40 

5  

16 

7 

5 

4 

2 

34 

6  

8 

10 

3 

4 

1 

26 

7  

8 

11 

2 

3 

1 

1 

26 

8  

1 

6 

2 

4 

2 

1 

16 

9  

2 

2 

1 

1 

1 

7 

10  

1 

1 

1 

1 

4 

11  

1 

1 

Total  

120 

84 

41 

30 

21 

3 

6 

2 

1 

308 

37 


Appendix  table  5.— Short  soybean  oil:  Distribution  of  contract  months  according  to  share  of  open  interest  held  by  three  large  soybean 
processing  firms  on  midmonth  reporting  dates,  by  year,  month,  delivery  month,  and  months  before  contract  maturity,  October 
1957-September  1966 


Item 

Range  in  percentage  held  by  three  processors 

Total 
reported 

0-9 

10-19 

20-29 

30-39 

40-49 

50-59 

60-69 

Marketing  year 
(October-September): 

1957-  58   

1958-  59   

1959-  60   

1960-  61   

1961-  62   

1962-  63   

1963-  64   

1964-  65   

1965-  66   

Total  


Number  of  individual  contract  months 


10 

9 

9 

1 

29 

26 

11 

1 

1 

i: 

40 

19 

12 

4 

3 

1 

39 

14 

15 

9 

3 

2 

43 

1 

7 

12 

5 

4 

3 

32 

4 

10 

5 

4 

6 

1 

1 

31 

8 

6 

9 

4 

3 

7 

4 

41 

8 

14 

15 

9 

2 

7 

55 

12 

14 

10 

9 

8 

3 

4 

60 

102 

98 

74 

39 

26 

22 

9 

370 

Month: 


October  

10 

12 

7 

3 

1 

33 

November  

9 

6 

10 

7 

1 

33 

9 

7 

10 

9 

1 

1 

37 

January  

8 

6 

6 

2 

5 

I 

1 

29 

February  

7 

7 

9 

2 

1 

4 

30 

March  

8 

7 

5 

1 

1 

3 

1 

26 

April  

6 

11 

2 

1 

1 

3 

2 

26 

May  

6 

6 

4 

1 

3 

2 

2 

24 

June  

5 

10 

2 

2 

5 

2 

26 

July  

12 

4 

9 

7 

4 

2 

1 

39 

August   

13 

12 

1 

3 

3 

1 

2 

35 

September  

9 

10 

••9 

■  ~%  ■ 

2 

iU 

32 

Total   

102 

98 

74 

39 

26 

22 

9 

370 

Delivery  month: 

October  

December   .  .  . 

January   

March  

May  

July  

August   

September  .  .  . 

Total   

Months  before 
contract  maturity: 

0   

1   

2  

3   

4  

5  

6   

7  

8  

9   

10  

Total   


9 

9 

7 

5 

2 

6 

5 

43 

16 

19 

'5,. 

3 

43 

9 

8 

16 

9 

3 

1 

46 

13 

11 

14 

5 

5 

1 

1 

50 

21 

18 

18 

3 

1 

4 

65 

16 

19 

7 

7 

7 

3 

2 

61 

7 

2 

2 

2 

6 

1 

*  li 

21 

11 

12 

5 

5 

2 

6 

41 

102 

98 

74 

39 

26 

22 

9 

370 

4 

8 

5 

3 

6 

2 

1 

29 

10 

21 

13 

7 

8 

5 

64 

7 

17 

15 

9 

7 

3 

3 

61 

10 

23 

11 

5 

3 

3 

2 

57 

17 

11 

11 

5 

1 

3 

48 

16 

8 

10 

5 

1 

1 

41 

17 

5 

5 

1 

1 

1 

1 

31 

11 

3 

3 

2 

1 

1 

21 

7 

2 

1 

2 

12 

3 

1 

1 

5 

1 

1 

102 

98 

74 

39 

26 

22 

9 

370 

38 


Appendix  table  6.— Long  soybean  oil:  Distribution  of  contract  months  according  to  share  of  open  interest  held  by  three  large  soybean 
processing  firms  on  midmonth  reporting  dates,  by  year,  month,  delivery  month,  and  months  before  contract  maturity,  October 
1957-September  1966 


Range  in  percentage  held  by 

Item 

three  processors 

Total 

0-9 

10-19 

20-29 

30-39 

40-49 

reported 

Number  of  individual  contract  months 

Marketing  year 

(October-September): 

1957-58   

12 

7 

7 

3 

29 

1958-59   

.,.25 

16 

6 

1 

48 

1959-60   

25 

ii5 

2 

1 

33 

1960-61 

25 

12 

2 

39 

1961-62   

16 

3 

1 

20 

1 062-63 

10 

1 

11 

1963-64   

23 

15 

2 

4 

41 

1  Qf>A.ft  1 

O  J. 

16 

5 

2 

-L 

<J<J 

1965-66   

46 

6 

2 

54 

Total  

213 

81 

25 

9 

2 

330 

Month: 

October  

22 

5 

5 

I 

1 

34 

23 

e 
D 

1 
1 

29 

December   

27 

2 

2 

31 

January  

21 

o 

23 

February  

20 

5 

1 

1 

28 

March  

12 

8 

1 

2 

23 

April 

15 

7 

2 

24 

May  

11 

7 

2 

1 

21 

June 

12 

7 

1 

1 

21 

July  

19 

9 

3 

31 

August 

17 

14 

1 

32 

September  

14 

10 

6 

3 

33 

Total  

213 

81 

25 

9 

2 

330 

Delivery  month: 

20 

16 

9 

4 

1 

50 

25 

12 

4 

41 

January 

25 

7 

3 

35 

March  

31 

10 

1 

42 

May 

44 

9 

2 

1 

56 

July  

37 

11 

2 

50 

5 

5 

3 

4 

1 

18 

Spntpmnpr 

9ft 

11 

1 

3ft 
oo 

Total  

213 

81 

25 

9 

2 

330 

Months  before 

contract  maturity: 

0   

8 

3 

5 

1 

1 

18 

1   

26 

10 

4 

2 

42 

2   

28 

16 

3 

47 

3   

35 

13 

4 

1 

53 

4   

28 

15 

2 

1 

46 

5  . 

33 

8 

2 

2 

45 

6   

24 

7 

1 

1 

1 

34 

7   

19 

2 

2 

23 

8   

7 

5 

2 

1 

15 

9   

4 

2 

6 

10   

1 

1 

Total  

213 

81 

25 

9 

2 

330 

39 


Summary  and  Conclusions 

This  exploratory  study  of  the  use  of  soybean  futures 
markets  by  three  large  processing  firms  brought  out 
two  types  of  findings.  In  the  first  place,  it  showed 
that  large  processor  holdings  are  relatively  important 
in  individual  futures  contracts  for  soybeans,  soybean 
meal,  and  soybean  oil.  The  soybean  meal  market  was 
the  most  highly  concentrated,  where  the  three  firms 
accounted  for  50  percent  or  more  of  the  short  open 
interest  in  nearly  one-fifth  of  the  contract  months  in 
which  a  short  open  interest  was  reported  by  the 
three  firms.  The  percentages  ran  somewhat  lower  in 
individual  futures  contracts  for  soybean  oil  and  sub- 
stantially lower  in  contracts  for  soybeans.  Higher 
levels  of  concentration  appeared  more  frequently  in 
contracts  1  to  3  months  before  contract  termination 


than  either  in  more  distant  months  or  in  the  month 
of  contract  termination.  It  is  not  known  whether  the 
higher  levels  of  concentration  found  were  great 
enough  to  interfere  with  effectively  competitive  mar- 
ket functioning  in  those  instances. 

The  second  part  of  the  study  focused  principally  on 
statistical  relationships  between  various  price  differen- 
tials and  net  long  positions  of  the  three  firms.  The 
results  indicated  generally  that  net  long,  or  speculative, 
positions  tended  to  increase  as  changes  in  selected  price 
relationships  increased  prospects  for  price  gains  on  the 
unhedged  positions. 

The  findings  of  this  study  suggest  hypotheses  for 
futher  research  which  could  lead  to  better  understanding 
of  the  behavior  of  various  types  of  participants  in  cash 
and  futures  commodity  markets  and  perhaps  eventually 
to  improvements  in  the  markets  themselves. 
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Distribution  of  Farm  Program  Payments 
by  Income  of  Sole  Proprietors1 

By  Thomas  L.  Browning  and  Edward  I.  Reinsel 

Direct  Government  payments  increase  income  in  the  farm  sector  by  redistributing  income  from  non- 
farm  to  farm  people.  Direct  payments  are  largest  at  high  income  levels.  Thus,  low-income  farm  fami- 
lies may  not  benefit  greatly  from  these  payments.  However,  data  compiled  by  the  Internal  Revenue 
Service  from  Federal  income  tax  returns  show  greater  inequality  in  the  personal  distribution  of  in- 
come of  people  with  farm  earnings  than  in  the  distribution  of  payments.  Payments  should  therefore 
be  expected  to  slightly  decrease  rather  than  increase  overall  income  inequality. 

Key  words:  Government  payments;  income;  income  distribution ;  income  inequality. 


Farm  programs  payments  clearly  increase  total  in- 
come in  the  farm  sector  but  there  is  much  interest  in 
how  these  payments  are  distributed  among  the  people 
involved.  Do  high-income  people  benefit  more  than 
those  with  low  incomes?  Earlier  reports  show  the 
distribution  of  payments  by  value  of  sales  classes  (6,  p. 
73)  and  these  sales  class  distributions  have  been  related 
to  net  farm  income  groupings  (5).  However,  a  distribu- 
tion of  payments  by  family  income  level  has  not  been 
available. 

This  article  examines  the  distribution  of  direct  farm 
program  payments  among  sole  proprietors.2  Attention  is 
given  to  the  distribution  of  payments  both  by  payment 
size  and  by  income  class  of  payment  recipients.  The 
probable  effect  of  direct  payments  on  the  distribution  of 
proprietors'  incomes  is  then  examined.  Finally,  payment 
distributions  are  discussed  by  region  and  program.  In 
this  study,  only  direct  payments  are  measured,  although 
price  supports  are  another  important  source  of  benefits 
for  both  program  participants  and  nonparticipants. 

The  Data  and  Method 

Much  of  the  study  is  based  on  1966  Federal  income 
tax  returns  of  persons  reporting  farm  earnings.  These 
data  allow  farm  program  payments  to  be  related  to 


1  A  related  study  that  may  be  of  interest  to  readers  is  (4). 
Italic  numbers  in  parentheses  indicate  items  in  the  References, 
p.  44. 

2  Sole  proprietors  include  both  farm  operators  and  landlords. 
Neither  partnerships  nor  corporate  farms  are  included. 


combined  farm  and  off-farm  income,  a  measure  of 
family  income  that  is  subject  to  tax.3 

The  Gini  ratio  is  used  in  this  study  to  measure  how 
unequally  payments  are  distributed  among  income 
classes  of  recipients.  The  ratio  is  derived  from  the 
Lorenz  curve,  which  is  obtained  by  plotting  (from  the 
lowest  to  the  highest  income  level)  the  cumulative 
percentage  of  recipients  on  the  horizontal  axis  against 
the  cumulative  percentage  of  income  or  payments  on  the 
vertical  axis  (fig.  1).  If  payments  or  incomes  were  equal 
for  all  proprietors,  the  Lorenz  curve  would  be  a  diagonal 
line  extending  from  the  origin  midway  between  the  axes. 
However,  neither  payments  nor  incomes  are  ordinarily 
equally  distributed  and  the  Lorenz  curve  typically  falls 
below  the  diagonal.  The  Gini  is  the  ratio  of  the  area 
between  the  diagonal  (or  line  of  equal  distribution)  and 
the  Lorenz  curve  to  the  total  area  under  the  diagonal 
(A/A+B  on  the  diagram). 

The  larger  the  ratio,  the  greater  the  inequality.  Thus, 
a  Gini  ratio  near  zero  indicates  that  payments  or 
incomes  are  rather  equally  distributed  among  all  proprie- 
tors. A  value  near  one  shows  that  most  payments  or 
income  are  received  by  a  few  proprietors.4 


3  The  tax  data  are  from  the  1966  Proprietorship  Tax  Model, 
which  includes  a  stratified  sample  of  45,000  farm  returns.  The 
model  was  developed  and  data  were  tabulated  by  U.S.  Depart- 
ment of  Treasury,  Internal  Revenue  Service.  The  authors  did  not 
have  access  to  individual  tax  returns.  Combined  farm  and  off- 
farm  income  is  referred  to  as  "adjusted  gross  income"  by  Internal 
Revenue  Service.  The  data  are  discussed  more  fully  in  (2)  and  (3). 

4  A  method  for  computing  the  Gini  ratio  is  presented  in  (7, 
pp.  34-36). 
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COMPUTATION  OF  THE  GINI  RATIO 


Effect  of  Payments  on  Income  Distribution 


100 


cm 
O 


O 


GINI  RATIO  = 


LORENZ  CURVE 


0  100 
PERCENT  OF  INDIVIDUALS 

Figure  1 

Inequality  in  Program  Payment 
Size  Distribution 

Tax  data  confirm  earlier  studies  that  show  consider- 
able inequality  in  the  distribution  of  farm  program 
payments  (7,  5).  For  example,  about  57  percent  of  the 
payment  recipients  listed  less  than  $1,000  but  these 
payments  accounted  for  only  15  percent  of  the  total 
payments.  In  contrast,  only  6  percent  of  payment 
recipients  reported  $5,000  or  more  but  such  large 
payments  accounted  for  nearly  38  percent  of  the  total 
dollars  (table  1). 


Table  1.— Government  farm  program  payments  to  sole  proprie- 
tors: Distribution  of  recipients  and  payments  by  size  of 
payment,  1966a 


Size  of 
payment 


Distribution  of- 


Proprietors 
with  payments 


Less  than  $500 
$500-$999  .  .  . 
$1,000-11,999 
$2,000-$4,999 
$5,000-$9,999 
$10,000  or  more 


Percent 

34.6 
22.8 
20.4 
15.9 
4.7 
1.6 


Percent 

4.9 
10.2 
17.5 
29.9 
19.6 
17.9 


aBased  on  special  tabulations  by  U.S.  Department  of  the 
Treasury,  Internal  Revenue  Service. 


Combined  farm  and  off-farm  income  of  proprietors 
with  payments  was  slightly  lower  and  a  little  more  equal 
than  for  all  persons  with  farm  earnings  (table  2).  Persons 
with  lower  incomes  generally  received  a  smaller  share  of 
reported  payments,  and  those  with  larger  incomes  a 
larger  share,  than  their  numbers  would  suggest.  For 
example,  24  percent  of  payment  recipients  reported  less 
than  $2,500  from  all  sources.  But  recipients  at  that 
income  level  accounted  for  only  15  percent  of  program 
payments.  In  contrast,  the  17  percent  of  recipients  with 
incomes  of  $10,000  or  more  listed  34  percent  of 
reported  payments. 

Payments  are  often  assumed  to  increase  income 
inequality.  However,  results  from  this  analysis  do  not 
support  that  hypothesis.  Although  payments  were  larger 
at  higher  than  at  lower  income  levels,  they  were  more 
equally  distributed  than  total  income  and  should  thus 
tend  to  reduce  inequality  in  income  distribution.  For 
example,  half  of  all  participants  reported  income  of  less 
than  $5,000  and  accounted  for  less  than  one-fifth  of 
reported  income.  But  such  proprietors  reported  more 
than  one-third  of  program  payments.  At  the  other  end 
of  the  income  scale,  the  2  percent  of  persons  with 
incomes  of  $25,000  or  more  reported  nearlv  one-fifth  of 
income  but  less  than  one-tenth  of  pavments. 

The  Gini  ratio  for  farm  program  payments  was 
smaller— inequality  was  less— than  for  other  major 
sources  of  income  as  well  as  for  income  from  all  sources 
combined  (table  3).  For  example,  the  ratio  of  0.227  for 
payments  was  less  than  the  ratio  of  0.296  computed  for 
interest  income— the  most  equally  distributed  off-farm 
income  source.  Inequality  in  the  distribution  of  program 
payments  by  amount  of  income  was  also  less  than  for 
farm  earnings  and  for  income  from  combined  farm  and 
off-farm  sources.  Finally,  when  both  payments  and 
income  were  distributed  by  income  class  the  relatively 
greater  inequality  of  income  than  of  payments  held  in  all 
regions  (table  4). 5 


Payments      Payment  Distribution  by  Program 


Payments  are  not  reported  separately  by  program  for 
tax  purposes.  However,  the  tax  data  were  supplemented 
with  information  from  USDA's  1966  Pesticide  and 
General  Farm  Survey.  These  survey  data  show  how  the 


5 We  have  verified  that  direct  payments  were  more  equally 
distributed  than  income  with  data  from  the  1966  Pesticide  and 
General  Farm  Survey.  The  general  results  were  also  confirmed 
using  tax  data  for  1968. 
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Table  2.— Distribution  of  proprietors,  income,  and  farm  program  payments,  by  income  class,  1966a 


Combined  farm  and  off-farm  income 

Payment 

$1- 

$2,500- 

$5,000- 

$10,000- 

$25,000- 

Gini 

classification 

*9  AQft 

$9,999 

$24,999 

KJl  IIIUIC 

ratiob 

Percent  of  individuals 

Recipients  .... 

24.2 

25.8 

55.5 

14. y 

1.8 

.427 

Nonrecipients  .  . 

27.5 

24.2 

31.8 

13.7 

2.8 

.494 

Total   

32.4 

14.2 

.471 

Percent  of  income 

Recipients  .... 

5.0 

14.6 

36.4 

31.4 

12.6 

Nonrecipients  .  . 

5.0 

12.8 

32.2 

27.0 

23.0 

- 

Total  

5.0 

13.4 

33.7 

28.7 

19.2 

- 

Percent  of  payments 

Recipients  .... 

14.8 

20.1 

31.5 

26.8 

6.8 

.227 

aBased  on  special  tabulations  by  U.S.  Department  of  the  Treasury,  Internal  Revenue  Service.  A  similar  table  is  available  for  1968  (4). 
''Excluding  persons  with  losses  from  combined  farm  and  off-farm  sources. 


size  and  distribution  of  payments  varied  by  program  or 
program  combination  (table  5).  Inequality  in  the  distri- 
bution of  payments  was  greatest  for  cotton  payments. 
The  tendency  for  cotton  payments  to  increase  payment 
size  and  inequality  was  evident  for  both  single-program 


participants  and  those  combining  cotton  and  other 
payments.  For  example,  operators  combining  cotton  and 
feed  grain  payments  had  larger  total  payments  and 
greater  inequality  in  payment  size  than  those  with  feed 
grain    payments   alone.   Also,   combined  feed-grain— 


Table  3.— Relative  inequality  of  income  reported  from  selected 
sources  by  sole  proprietors,  1966a 


Percent  of 

farm  proprietors 

Gini 

Source 

reporting 

ratiob 

Percent 

Farm  business  profit  .... 

c66 

.381 

Farm  program  payments  . 

37 

.227 

Wages  and  salaries  

56 

.318 

Interest   

47 

.296 

Dividends   

11 

.759 

Nonfarm  business  

eg 

.526 

c3 

.498 

Capital  transactions  

c34 

.473 

All  sources   

100 

.471 

aBased  on  special  tabulations  by  Internal  Revenue  Service, 
U.S.  Department  of  the  Treasury.  Distributions  exclude  returns 
with  losses  from  all  sources  and  those  without  income  from  the 
specified  source. 

bGini  ratios  computed  from  distributions  of  income  from 
indicated  source  by  amount  of  income  from  combined  farm  and 
off-farm  sources. 

cExcluding  returns  with  loss  from  the  source.  For  informa- 
tion on  those  with  losses  see  (3),  table  6. 


Table  4.— Recipients  of  farm  program  payments:  Relative  in- 
equality of  income  and  program  payments  by  region, 
1966a 


Percentage 
reporting 
program 
payments 

Relative  inequalityb 

Region 

Income0 

Program 
payments 

Northeast                              22              .485  .064 

Lake  States                            42              .381  .098 

Corn  Belt                                42              .388  .162 

Northern  Plains                       58              .379  .202 

Appalachian                            32              .452  .145 

Southeast                             39             .457  .158 

Delta                                  34             .532  .328 

Southern  Plains                       35              .456  .337 

Mountain                               34              .432  .264 

Pacific                                 31             .432  .236 

All  regions                           37              .427  .227 

aBased  on  special  tabulations  by  U.S.  Department  of  the 
Treasury,  Internal  Revenue  Service. 

bGini  ratios  computed  from  distributions  by  amount  of 
income. 

cIncome  from  combined  farm  and  off-farm  sources. 
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Table  5.— Farm  program  payments:  Average  payment  and  relative 
inequality  by  program  1966a 


Program  or 
program  combination 

A  vp r q (tp  t"\ 'i \ " m  p n  t 
n.vci  <igc  jJd  \  II1CI1L 

Gini 

rating 
la  LIU 

UolUxrs 

1,070 

.180 

Wheat  

1,120 

.176 

Cotton   

1,500 

.334 

Feed-grain— wheat  

2.170 

.142 

Feed-grain— cotton  

3.570 

.503 

Feed-grain— wheat— cotton    .  . 

4.580 

.356 

Wool  

250 

.069 

Long-term  land  retirement   .  . 

1.280 

c-.037 

Agricultural  conservation   .  .  . 

220 

.138 

aBased  on  data  from  the  1966  Pesticide  and  General  Farm 
Survey,  a  sample  survey  of  16,300  farm  operators  including  farm 
proprietors,  partners,  and  corporations.  About  6,400  program 
participants  had  usable  records.  The  relatively  few  records  with 
losses  from  farming  or  all  sources  combined  were  omitted. 

bGini  ratios  computed  from  a  distribution  with  seven  income 
size  classes. 

cThe  Gini  ratio  was  negative  because  payments  were  concen- 
trated in  lower  income  classes. 

wheat— cotton  payments  were  larger  and  less  equal  than 
feed-grain— wheat  combinations. 

Limits  to  the  Study 

The  analysis  reported  above  is  limited  because  sole- 
proprietor  tax  returns  do  not  account  for  all  farm 
businesses.  Thus,  in  1966  direct  payments  totaled  nearly 
S3.3  billion  (6,  p.  52),  but  proprietors  reported  only 
$1.9  billion  on  their  tax  returns— about  three-fifths  of 
the  total  (6\  p.  114).  Other  businesses  receiving  pay- 
ments include  farm  corporations,  partnerships,  institu- 
tional farms,  and  estates  and  trusts.  Also,  some  pay- 
ments not  accounted  for  by  tax  data  appear  to  be 
payments  to  low-income  people  who  do  not  report  for 
tax  purposes.  Most  of  these  are  probably  individuals 
with  less  than  the  minimum  taxable  income  (2,  pp.  2-6). 

Concluding  Remarks 

Inequality  of  income  among  payment  recipients  was 
greater  than  inequality  in  the  distribution  of  payments. 
Thus,  payments  would  not  be  expected  to  increase 
inequality  in  income  distribution.  These  findings  do  not 
mean   that  low-income  persons  benefit  greatly  from 


direct  farm  program  payments.  They  only  show  that  the 
relatively  great  income  inequality  among  people  with 
farm  earnings  does  not  seem  to  be  matched  by  inequal- 
ity in  farm  program  payments,  when  the  distribution 
is  by  income  classes. 

Although  program  payments  do  not  seem  to  increase 
income  inequality  among  people  with  farm  earnings, 
neither  have  they  effectively  eliminated  income  prob- 
lems of  farm  people.  Thus  it  would  be  a  mistake  to 
expect  similar  programs  to  rid  the  farm  sector  of  such 
problems  in  the  future.  Also,  because  it  has  not  been 
possible  to  trace  all  benefits  to  recipients,  the  data  used 
in  this  analysis  do  not  account  for  the  full  effect  of  farm 
programs  on  income  distribution.  A  more  complete 
analysis  would  include  the  distribution  of  benefits  from 
price  support  measures  as  well  as  those  from  direct 
payments.  Also  needed  is  improved  accounting  for 
distributional  effects  of  payments  to  businesses  other 
than  proprietorships. 

References 

1.  Bonnen,  James  T.  The  Distribution  of  Benefits  from 

Selected  U.S.  Farm  Programs.  In  Rural  Poverty  in 
the  United  States:  A  Report  by  the  President's 
Commission  on  Rural  Poverty,  U.S.  Govt.  Print. 
Off.,  1968. 

2.  Reinsel,  Edward  I.  Farm  and  Off-Farm  Income  Re- 

ported on  Federal  Tax  Returns.  U.S.  Dept.  Agr.. 
ERS-383,  August  1968. 

3.  Reinsel,   Edward  I.  People  with  Farm  Earnings: 

Sources  and  Distribution  of  Income.  U.S.  Dept. 
Agr.,  ERS-498,  March  1972. 

4.  Reinsel,  Edward  I.,  and  Thomas  A.  Carlin.  The 

Personal  Distribution  of  Income  and  Direct  Farm 
Program  Payments.  Paper  presented  at  annual  meet- 
ing of  the  American  Agricultural  Economics  Associ- 
ation, Gainesville,  Fla.,  August  1972. 

5.  Schultze,  Charles  L.  The  Distribution  of  Farm  Sub- 

sidies—Who Gets  the  Benefits?  The  Brookings  Insti- 
tution, Washington.  D.C..  1971. 

6.  U.S.  Department  of  Agriculture,  Economic  Research 

Service.  Farm  Income  Situation.  July  1971. 

7.  U.S.  Department  of  Commerce,  Bureau  of  the  Census. 

Trends  in  the  Income  of  Families  and  Persons  in  the 
United  States,  1947-1964.  Tech.  Paper  17,  1967. 

8.  U.S.  Department  of  the  Treasury7,  Internal  Revenue 

Service.  Statistics  of  Income  1966— Business  Income 
Tax  Returns.  June  1969. 


44 


AGRICULTURAL  ECONOMICS  RESEARCH  VOL.  25,  NO.  2,  APRIL  1973 

Supply  Response  of  U.S.  Sorghum 
Acreage  to  Government  Programs1 

By  Mary  E.  Ryan  and  Martin  E.  Abel 


This  paper  uses  a  model  previously  developed  for  empirical  evaluation  of  the  impact  of  commodity 
price-support  programs  on  corn  acreage  (see  J.  P.  Houck  and  M.  E.  Ryan,  "Supply  Analysis  for  Corn 
in  the  United  States  . .  .  .,"  Amer.  Jour.  Agr.  Econ.  54:  May  1972)  to  evaluate  the  impact  of  price- 
support  programs  on  sorghum  acreage.  The  policy  variables  used  to  represent  the  effect  of  price-sup- 
port programs  on  sorghum  acreage  are  highly  significant.  The  model  also  appears  to  be  useful  for 
prediction  purposes.  Actual  acres  planted  to  sorghum  in  1972  were  17.4  million.  Several  of  the  esti- 
mating equations  developed  in  this  paper  provided  forecasts  of  planted  sorghum  acreage  for  1972  in 
the  range  of  17.1  to  18.0  million  acres. 

Key  words:  U.S.  sorghum  supply;  Government  programs; regression  analysis;  acreage  response. 


The  value  of  sorghum  grain  production  approached 
$1  billion  in  1971.  Nearly  900  million  bushels  were 
produced,  placing  sorghum  second  to  corn  in  the  volume 
of  feed  grain  production.  The  increasing  importance  of 
sorghum  as  a  feed  grain  has  paralleled  the  growth  of  the 
livestock  industry  in  the  Central  and  Southern  Plains 
States.  More  than  half  of  the  total  number  of  cattle  on 
feed  on  January  1,  1972,  were  located  in  the  eight 
leading  sorghum-producing  States,  compared  with  about 
one-third  for  1949-57.  Sorghum  is  also  an  important 
export  crop.  During  the  past  decade,  exports  have 
exceeded  100  million  bushels  annually. 

Sorghum  competes  with  other  grains  for  production 
resources  throughout  the  Central  and  Southern  Plains 
and  additionally  with  cotton  in  the  Southern  Plains 
States.  Most  of  these  crops  have  been  enmeshed  in 
Government  programs  to  control  production  and  to 
support  prices  for  many  years.  Thus  Government  poli- 
cies play  key  roles  in  determining  the  supply  of 
sorghum. 

This  paper  presents  and  discusses  estimated  acreage 
supply  functions  for  sorghum  in  the  United  States  for 
1957-71.  The  work  reported  is  part  of  an  ongoing 
research  project  to  investigate  supply  relationships  for 
feed  grains,  sponsored  jointly  by  the  U.S.  Department  of 
Agriculture  and  the  Department  of  Agricultural  and 
Applied  Economics  at  the  University  of  Minnesota.  A 


'University  of  Minnesota  Agricultural  Experiment  Station 
Miscellaneous  Journal  Series  Paper  No.  8221.  We  wish  to  ack- 
nowledge helpful  comments  received  from  W.  Burt  Sundquist 
and  James  P.  Houck  of  the  Department  of  Agricultural  and 
Applied  Economics,  University  of  Minnesota. 


focal  point  of  this  research  is  to  examine  the  effect  of 
Government  programs  on  acres  planted  to  the  various 
feed  grains.  Work  on  corn  has  been  completed  and 
reported.2 

Theoretical  and  Analytical  Models 

The  theoretical  and  analytical  models  developed  for 
the  corn  studies  are  employed  in  this  analysis.  Figure  1 
illustrates  the  theoretical  model.  Assume  that  Si  is  a 
static  acreage  supply  function  for  a  crop  at  various  price 
support  levels.  Acreage  is  measured  along  the  horizontal 
axis  and  support  price  along  the  vertical  axis.  At  the 
announced  support  price  of  PA,  producers  would  plant 
A  i  if  there  were  no  restrictions  or  conditions  attached 
to  the  price  support.  But  if  policymakers  wish  to  reduce 
acreage  to,  say,  A2 ,  they  could  (1)  drop  the  support  rate 
to  PF,  (2)  attach  acreage-restricting  conditions  to  obtain- 
ing the  higher  PA  so  that,  on  balance,  acreage  planted 
falls  to  A  2,  (3)  make  diversion  payments  sufficient  to 
shift  the  supply  function  to  S2 ,  or  (4)  employ  some 
combination  of  these  three  options. 

This  model  may  be  expressed  as 

(1)  A=f(PF,DP,Z) 


2 J.  P.  Houck  and  M.  E.  Ryan,  "Supply  Analysis  for  Corn  in 
the  United  States:  The  Impact  of  Changing  Government  Pro- 
grams," Amer.  Jour.  Agr.  Econ.  54:2,  May  1972,  pp.  184-191. 

Mary  E.  Ryan  and  Martin  E.  Abel,  "Corn  Acreage  Response  to 
Government  Policy  Variables  with  a  Special  Analysis  of  the  Set- 
Aside  Program,"  Agr.  Econ.  Res.,  October  1972,  pp.  102-112. 
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-*  1   Acres 

A2  Al 
Figure  1 


where  A  is  sorghum  acreage  planted  in  the  United  States, 
PF  is  the  support  price  weighted  by  planting  restrictions, 
DP  (a  shifter  of  PF)  represents  payments  for  diverting 
land  from  sorghum  production,  and  Z  includes  other 
supply  determinants  and  random  factors.  The  analytical 
and  empirical  problems  are  to  determine  how  to 
calculate  PF  and  DP  for  any  given  set  of  program 
provisions. 
Assume  that 

(2)  PF  =  rPA, 
and  that 

(3)  DP  =  wPR 

where  PA  is  the  announced  support  rate,  r  is  the 
adjustment  factor  reflecting  planting  restrictions,  PR  is 
the  payment  rate  for  diversion,  and  w  is  the  proportion 
of  acreage  eligible  for  diversion  payments. 

Generally,  the  ranges  of  r  and  w  are  between  0  and 
1.0.  If  no  planting  restrictions  are  imposed  for  obtaining 
PA,  r  equals  1.0.  Similarly,  if  all  land  may  be  diverted 
for  payment,  w  equals  1.0.  The  tighter  the  planting 
restrictions,  the  closer  r  will  be  to  zero;  and,  the  smaller 
the  permitted  diversion  acreage,  the  closer  w  will  be  to 
zero.  The  values  of  PF  and  DP  are  seen  to  depend  both 


upon  payment  levels  (PA  and  PR)  and  upon  the  amount 
of  acreage  eligible  for  payment  (r  and  w).  Changes  in  any 
of  these  four  variables,  holding  the  others  constant,  will 
affect  acreage  planted.  Increases  in  r  or  PA  will  raise  PF 
and  increase  acreage;  increases  in  w  or  PR  will  increase 
DP  and  decrease  acreage  planted. 

Calculated  values  of  PF  and  DP  for  sorghum  are 
presented  below,  after  a  brief  discussion  of  other  supply 
determinants  and  of  factors  affecting  the  analytical 
procedure. 

Preliminary  Analyses 

Sorghum  acreage  in  the  United  States  climbed  from 
11  million  acres  in  1949  to  nearly  27  million  in  1957. 
During  these  years,  sorghum  was  allowed  on  land 
diverted  under  corn,  wheat,  and  cotton  programs. 
Acreage  dropped  to  almost  14  million  in  1961  when 
sorghum  acreage  was  restricted  under  the  feed  grain 
program.  Since  then,  plantings  have  trended  irregularly 
upward,  reaching  21  million  in  1971  (figure  2).  Annual 
changes  in  harvested  acres  follow  the  same  general 
pattern  as  planted  acres  but  the  difference  between 
planted  and  harvested  acres  appears  to  be  much  more 
stable  since  1957  than  in  earlier  years. 
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Million 
Acres 


Crop  0 
Year  19 


corn,  planted 


 cotton,  planted' 


Acreage  in  Texas,  New  Mexico,  Oklahoma,  Colorado,  Kansas,  Nebraska,  Missouri 
and  California. 

^ Acreage  in  Texas,  New  Mexico,  Oklahoma,  Missouri  and  California. 
Figure  2.  U.S.  sorghum  acreage  planted  and  harvested  and  acreages  of  alternative  crops,  1949-71. 
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A  dramatic  change  in  yield  and  production  of  sorghum 
grain  occurred  from  the  mid-1950's  to  the  mid-1960's  as 
a  result  of  the  introduction  of  hybrid  varieties  (figure 
3). 3  While  national  average  sorghum  yields  fluctuated 
narrowly  around  20  bushels  per  acre  between  1949  and 
1956,  the  introduction  of  hybrid  varieties  led  to  a  fairly 
steady  increase  in  yields  for  the  next  decade  so  that  they 
have  exceeded  50  bushels  per  acre  since  1965. 

As  a  consequence  of  sharp  increases  in  both  yield  and 
area  planted,  sorghum  production  jumped  from  205  to 
570  million  bushels  between  1956  and  1957.  By  1971, 
production  was  at  a  level  of  890  million  bushels.  Because 
of  this  significant  development,  the  characteristics  of 
sorghum  grain  production  since  about  1957  differ  to 
some  extent  from  earlier  years.  For  this  reason,  the 
statistical  estimations  presented  in  this  paper  are  based 
on  a  period  beginning  in  1957,  the  period  when  the 
hybrid  varieties  have  been  used  in  significant  amounts. 

Texas  is  the  leading  sorghum-producing  State.  In 
1969,  Texas  accounted  for  42  percent  of  U.S.  sorghum 
production  for  grain.  In  the  same  year,  95  percent  of  the 
Nation's  production  of  sorghum  grains  was  obtained 
from  eight  States— Texas,  New  Mexico,  Kansas,  Okla- 
homa, Colorado,  Nebraska,  Missouri,  and  California.  For 
the  23-year  period  1949-71,  mean  acreage  in  these  eight 
States  was  93.5  percent  of  all  acreage  planted  to 
sorghum  in  the  United  States.  Aggregate  annual  changes 
in  sorghum  plantings  in  these  eight  States  are  almost 
perfectly  correlated  with  changes  in  U.S.  plantings.  The 
simple  correlation  coefficient  (r)  between  the  two  is 
0.997  for  1949-71. 

Because  of  the  importance  of  these  eight  States  in 
sorghum  output,  competitive  production  relationships  in 
these  States  were  examined  in  detail.  Graphic  and 
statistical  analysis  revealed  that  winter  wheat  and  cotton 
were  important  competitors  with  sorghum  in  Texas. 
Substitution  with  cotton  also  appeared  likely  in  Cali- 
fornia and  Oklahoma.  Winter  wheat  and  sorghum  plant- 
ings moved  in  opposite  directions  for  many  years  in  all 
eight  States.4  Corn  and  sorghum  substitution  before 
1961  had  been  revealed  and  measured  in  the  study  of 
corn.5  This  substitution  is  of  particular  importance  in 
parts  of  Kansas,  Nebraska,  and  Missouri. 

On  the  basis  of  these  preliminary  investigations,  it 
was  postulated  that  the  main  competition  with  sorghum 


3Jack  S.  Ross,  "Grain  Sorghum  Trends  in  the  1960's,"  Feed 
Situation,  ERS,  U.S.  Dept.  Agr.,  May  1970,  pp.  28-32. 

4  In  years  when  inclement  weather  for  wheat  prevails,  sor- 
ghums are  often  planted  on  land  sown  to  winter  wheat  the  pre- 
vious autumn.  When  this  occurs,  sorghum  acreage  is  more  closely 
associated  with  harvested  than  with  planted  wheat  acreage. 

sHouck  and  Ryan,  op.  cit.,  and  Ryan  and  Abel,  op.  cit. 


for  production  resources  would  be  captured  by  the 
following  variables:  acreages  of  wheat,  cotton,  and  corn 
in  the  eight  leading  sorghum  States.  These  variables  are 
shown  in  figure  2.  Less  certain  was  possible  substitution 
with  soybeans.  Soybean  acreage  in  Kansas,  Nebraska, 
Missouri,  Oklahoma,  and  Texas  trended  irregularly 
upward  throughout  the  study  period  and  some  substitu- 
tion with  sorghum  was  possible.  Throughout  the  study 
period,  plantings  of  soybeans  were  not  restricted,  in 
contrast  to  allotments  or  restrictions  on  wheat,  corn, 
and  cotton  in  most  years  and  on  sorghum  during  the 
1960's.  This  meant  that  producers  were  more  free  to 
plant  soybeans  wherever  technically  feasible  than  to 
plant  the  other  three  crops. 

Acreage  restrictions  on  sorghum  became  a  require- 
ment for  obtaining  sorghum  price  supports  beginning  in 
1961.  Before  then,  a  farmer  could  plant  any  amount  he 
wished  and  still  obtain  a  sorghum  price-support  loan. 
Also,  prior  to  1961,  farmers  who  reduced  corn  and 
wheat  acreage  as  required  for  corn  and  wheat  support 
loans  could  plant  sorghum  without  restriction  on  these 
freed  acres.  During  the  years  when  these  liberal 
provisions  applied,  sorghum  acreage  increased  sharply  in 
some  principal  corn  and  wheat  areas,  especially  in  the 
southwestern  portion  of  the  Corn  Belt  and  Southern 
Plains  States.  Although  Government  programs  have 
allowed  corn  and  sorghum  substitution  since  1961  and 
substitution  between  wheat  and  feed  grains  since  1965, 
total  acreage  of  all  three  commodities  has  been  curtailed 
in  some  degree. 

The  program  change  in  1961  suggested  that  substitu- 
tion among  commodities  might  be  altered  at  that  point 
in  the  study  period.  To  determine  the  effects  of  the 
program  change  for  the  analysis  of  sorghum  acreage, 
preliminary  analyses  were  done  separately  for  1949-60 
and  1961-71.  For  1949-60,  substitution  emerged 
between  sorghum  acreage  and  acreages  of  winter  wheat, 
corn,  and  cotton  in  the  eight  major  sorghum  States.  No 
substitution  was  found  to  exist  between  sorghum  and 
wheat  acreage  for  1961-71  but  substitution  between 
cotton  and  sorghum  did  appear.  The  effect  of  changes  in 
cotton  acreage  on  sorghum  plantings  was  greater  during 
the  later  than  in  the  earlier  period.  Results  were 
inconclusive  for  sorghum-corn  competition  since  1961. 
Possible  competition  with  soybeans  was  measured  by 
means  of  a  price  support  variable  for  soybeans  in  both 
periods.  The  price  support  of  soybeans  emerged  as  a 
significant  variable  in  some  specifications  for  both 
periods. 

Another  competitor  with  sorghum  planting  since 
1961  has  been  acreage  diverted  under  annual  feed  grain 
programs.  Sorghum  acreage  diverted  for  1961-71  is 
shown    in    figure    4,    along   with   acres  planted  to 
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Figure  3.  U.S.  sorghum  production  and  yield,  1949-71. 
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Figure  4.  U.S.  sorghum  acres  planted  and  diverted  under  Government  programs,  weighted  support  rate,  and  diversion 

payment  rate,  1957-71. 


50 


sorghum.  The  substitution  between  plantings  and 
diversion  since  1961  is  pronounced. 

Also  graphed  in  figure  4  are  the  two  policy 
variables,  PF  and  DP,  computed  for  sorghums.  These 
policy  variables  are  the  weighted  or  effective  price 
support  rate,  PF,  and  the  weighted  diversion  payment 
rate,  DP,  calculated  from  program  provisions  as 
announced  each  year,  according  to  equations  (2)  and 
(3),  respectively.  From  1957  to  1960,  PF  equals  the 
loan  rate.  Beginning  with  1961,  the  loan  rate  has  been 
adjusted  to  reflect  the  effect  of  acreage  restrictions  on 
acreage  planted.  A  positive  relationship  between  PF  and 
acres  planted  to  sorghums  is  apparent  in  figure  4,  as 
expected.  Values  of  DF,  DP,  and  the  loan  rate  appear  in 
table  1. 

The  policy  variable,  DP,  is  a  measure  of  substitution 
between  planted  and  diverted  acreage.  Figure  4  reveals 
that  movements  in  DP  parallel  changes  in  acres  diverted 
and  that  both  of  these  variables  move  in  opposite 
directions  from  PF  and  acres  planted.  A  statistical  test 
was  also  made  of  the  relationship  between  DP  and 
acreage  diverted  from  sorghums  under  the  feed  grain 
program,  AD,  for  1961-71: 

AAD  =  136.59  +  18,878.99ADP-  224.71ADF 
(11.5)  (2.9) 

s  =  706.37      R2  =  0.9430 

where  DV  is  a  dummy  variable  to  account  for  adding 
support  payments  to  DP  beginning  in  1966,  A  indicates 
the  first  difference  of  the  variable,  s  is  the  standard  error 
of  the  estimate,  and  the  numbers  in  parentheses  are 
f-values.  Annual  changes  in  sorghum  acreage  diversion 
are  closely  related  to  the  policy  variable,  DP,  and  thus  it 
is  reasonable  to  use  the  latter  to  measure  the  effect  of 
substitution  between  sorghum  acreage  planted  and 
diverted  in  estimating  planted  acreage. 

Estimated  Acreage  Supply  Functions 

Sorghum  acreage  supply  functions  for  the  United 
States  were  estimated  by  ordinary  least  squares.  For  all 
equations,  the  dependent  variable  was  acreage  of  sor- 
ghum planted  in  the  United  States.  The  results  for 
several  of  the  estimations  are  contained  in  table  2  and 
zero-order  correlation  coefficients  for  pairs  of  variables 
are  given  in  table  3. 

All  equations  contain  the  policy  variables  PF  and  DP 
as  well  asDV,  the  dummy  variable,  added  to  account  for 
shifting  support  payments  from  PF  to  DP  beginning  in 
1966.  The  price-support  rate  for  soybeans,  PSS,  and 
acreage  of  winter  wheat  planted,  AWWM,  were  also 
included  in  all  the  equations. 


Table  1.— Announced  support  prices,  calculated  weighted  support 
rates,  and  diversion  payment  rates,  1957-72 


Weighted 

Year 

Announced 

Weighted 

diversion 

support  price 

support  rate 

payment  rate 

(PF) 

(DP) 

Dollars  per  hundredweight 

1957  .  . 

1.86 

1.86 

0 

1958  . . 

1.83 

1.83 

0 

1959  . . 

1.52 

1.52 

0 

1960  . . 

1.52 

1.52 

0 

1961  . . 

1.93 

1.35 

.309 

1962  . . 

1.93 

1.35 

.309 

1963  . . 

a  2.00 

1.40 

.180 

1964  . . 

a  2.00 

1.30 

.290 

1965  . . 

a  2.00 

1.30 

.290 

1966  .  . 

b  1.52 

.99 

.418 

1967  .  . 

b  1.61 

1.29 

.265 

b  1.62 

1.05 

.410 

1969  . . 

b  1.61 

1.05 

.409 

1970  . . 

b  1.61 

1.05 

.393 

1971  . . 

b  1.73 

1.73 

.259 

1972  . . 

b  1.79 

1.52 

.442 

a  Direct  support  payments  are  included.  They  are  294  f°r 
1963,  234  for  1964,  354 for  1965. 

b  Direct  support  payments  beginning  with  1966  are  included 
with  diversion  payments  because  they  have  functioned  as  a  pay- 
ment for  minimum  diversion  since  then. 


The  variable  AWWM  consists  of  actual  values  of 
winter  wheat  plantings  only  for  1957  to  1960;  it  is  held 
constant  for  1961  to  1971  at  the  mean  value  of 
plantings  in  1957-60.  Similarly,  A  CM  consists  of  actual 
values  of  corn  acreage  for  1957  to  1960  and  is  held 
constant  at  the  mean  of  1957-60  for  1961  to  1971. 
Holding  corn  and  winter  wheat  plantings  constant  since 
1961  is  the  method  used  to  account  for  the  change  in 
the  sorghum  program  which  curtailed  sorghum  planting 
on  acreage  withdrawn  from  wheat  and  corn  production 
under  Government  programs.  These  variables  assume  a 
different  competitive  relationship  after  1961  than 
existed  in  earlier  years.  Such  a  difference  was  supported 
by  preliminary  analyses  based  on  two  separate  periods— 
1949-60  and  1961-71. 

Equations  1  and  2  contain  ACT,  acreage  of  cotton 
planted,  and  differ  only  by  the  inclusion  of  trend  in 
equation  2.  All  the  variables  have  the  expected  signs,  and 
these  equations  explain  98  percent  of  the  variation  in 
sorghum  acreage  planted.  The  coefficient  of  the  trend 
variable  is  not  significant,  possibly  because  of  intercor- 
relation  between  DV  and  T  (simple  correlation,  r,  is 
0.85).  The  inclusion  of  trend  does  affect  the  values  of 
the  coefficients  of  other  variables;  namely,  it  decreases 
slightly  the  coefficients  of  PF,  PSS,  ACT,  and  DV  while 
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Table  2.— Estimation  of  U.S.  sorghum  acreage  planted,  1957-71  (Regression  coefficients  and  r-values) 


Equation 

Constant 

PF 

DP 

PT-1 

PSS 

AWWM 

ACM 

ACT 

DV 

T 

R2 

1  

76,616.9 

3,001.9 
(2.6) 

-7.346.7 
(2.1) 

-7,909.2 
(3.4) 

-1.2 
(9.7) 

-1.4 
(3.5) 

1,016.6 
(1.2) 

.98 

566.6 

2  

75,559.5 

2,6451) 
(19) 

-9,063.2 
(1-8) 

-7,327.5 
(2.7) 

-1.3 
(9.0) 

-1.3 
(3.1) 

825.6 
(-9) 

54.2 
(.5) 

.98 

594.9 

3  

62,275.5 

756.4 
(-4) 

-16,292.1 
(4.2) 

-2,472.4 
(1.0) 

-1.0 
(3.7) 

-0.7 
(1.0) 

3,723.5 
(6.1) 

.95 

854.7 

4  

65,708.0 

-795.7 
(.4) 

-21,726.6 
(4.1) 

-1,724.3 
(•7) 

-1.0 
(3.9) 

-1.0 
(1.5) 

2,636.9 
(2.7) 

207.9 
(1.4) 

.96 

807.2 

5  

75,143.5 

3,530.9 
(2.2) 

-6,293.0 
(1-5) 

-8,110.4 
(3-3) 

-1.3 
(6.1) 

0.3 
(•5) 

-1.5 
(3.1) 

700.2 
(-7) 

.98 

594.0 

6  

74,998.5 

3,142.5 
(1-3) 

-7,668.0 
(1.0) 

-7,695.9 
(2.4) 

-1.3 
(5.4) 

0.2 

(.3) 

-1.4 
(2.3) 

690.6 
(-6) 

32.4 
(-2) 

.98 

638.7 

7  

74,818.4 

2,825.2 
(1.9) 

-7,757.2 
(1.8) 

365.7 
(.2) 

-7,649.9 
(2.8) 

-1.2 
(7.4) 

-1.3 
(2.9) 

1,054.2 
(1.2) 

.98 

603.7 

8  

75,788.6 

2,659.9 
d-6) 

-9.055.4 
(1.7) 

-53.1 
(.0) 

-7,347.6 
(2.4) 

-1.3 
(6.2) 

-1.3 
(2.7) 

814.4 
(•7) 

55.8 
(.4) 

.98 

642.6 

Variable  Descriptions 
A     =    U.S.  acreage  of  sorghums  planted,  in  thousands. 

PF     =    U.S.  average  sorghum  loan  rate  (plus  direct  support  payments,  1963-65),  weighted  by  acreage  restriction  requirements, 
dollars  per  hundredweight. 

DP     =    sorghum  acreage  diversion  payment  rate,  weighted  by  eligible  diversion  acreage,  dollars  per  hundredweight. 
PT-1     =   lagged  market  price  received  by  farmers,  dollars  per  hundredweight. 
PSS     =    U.S.  average  soybean  price  support  loan  rate,  dollars  per  bushel. 
AWWM    =    acreage  of  winter  wheat  planted  in  8  States  (Texas,  New  Mexico,  Oklahoma,  Colorado,  Kansas,  Nebraska,  Missouri,  Cali- 
fornia), in  thousands.  Actual  values  of  plantings  for  1957-60  and  the  mean  of  1957-60  acreage  for  1961-71. 
ACM     =    acreage  of  corn  planted  in  8  States  (see  A  WWM),  1957-60  and  the  mean  of  1957-60  acreage  for  1961-71,  in  thousands. 
ACT     =    acreage  of  cotton  planted  in  5  States  (Texas,  New  Mexico,  Oklahoma,  Missouri,  California),  in  thousands. 
DV     =    0  in  1957-65  and  1  in  1966-71,  to  account  for  a  change  beginning  in  1966  when  support  payments  were  shifted  from  PF 
to  DP. 

T     =    linear  trend;  1957  =  9,  1958  =  10,  etc. 
s     =    standard  error  of  the  estimate. 


it  increases  the  coefficients  of  DP  and  AWWM.  Figure  5 
illustrates  the  performance  of  equation  2. 

Equations  3  and  4  are  similar  to  equations  1  and  2 
except  that  acreage  of  corn  planted,  ACM,  has  been 
included  instead  of  acreage  of  cotton  planted,  ACT. 
ACM  is  a  decidedly  weaker  variable  than  ACT.  Further- 
more, its  inclusion,  together  with  the  exclusion  of  ACT, 
destroys  the  statistical  significance  of  PF,  greatly  raises 
the  size  and  significance  of  the  coefficient  of  DP,  and 
lowers  the  size  and  significance  of  PSS.  The  effect  of 
including  trend  in  equation  4  and  is  similar  to  that  in 
equation  2. 

Equations  5  and  6  contain  both  ACM  and  ACT,  with 
trend  included  in  equation  6.  Here  again  the 
importance  of  ACT  and  the  insignificance  of  ACM 


are  noticeable.  The  coefficients  of  the  corn  variable 
in  these  two  equations  are  not  significantly  different 
from  zero. 

In  equations  7  and  8,  the  lagged  market  price  of 
sorghum,  PT-1,  is  added  and  ACM  is  excluded.  Lagged 
market  price  is  not  a  significant  variable. 

Summary  and  Conclusions 

The  statistical  results  and  their  graphic  representations 
indicate  that  the  selected  variables  and  the  manner  in 
which  thev  are  employed  provide  good  estimates  of  U.S. 
sorghum  acreage  for  1957-71.  The  results  are  generally 
similar  to  the  earlier  ones  obtained  for  corn. 
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Table  3.— Simple  correlation  coefficients,  1957-71 


Variable 

PF 

DP 

PT-l 

PSS 

AWWM 

ACM 

ACT 

DV 

T 

A  

.70 

-.66 

.55 

-.40 

-.54 

-.46 

-.05 

-.08 

-.34 

PF  ... 

-.84 

.28 

-.60 

-.20 

-.31 

.43 

-.54 

-.62 

DP  .  .  . 

-.02 

.81 

.00 

.00 

-.51 

.65 

.80 

PT-l  .  . 

.13 

-.54 

-.47 

-.32 

.25 

.26 

PSS  .  .  . 

-.18 

-.31 

-.72 

.62 

.62 

AWWM 

.76 

.06 

.00 

.10 

ACM.  . 

.23 

.00 

.12 

ACT  .  . 

-.85 

-.66 

DV  .  .  .  -85 


The  policy  variables,  PF  and  DP,  contribute  impor- 
tantly to  the  explanation  of  changes  in  U.S.  sorghum 
acreage  planted.  Increasing  loan  rates  and/or  loosening 
of  planting  restrictions,  as  measured  by  PF,  are  posi- 
tively associated  with  changes  in  acreage  planted  while 
increases  in  diversion  payment  rates  and/or  in  allow- 
able acreage  to  be  diverted  for  payment  are  associated 
with  decreases  in  acreage  planted. 

Among  the  crops  which  compete  for  acreage  with 
sorghum  grains,  changes  in  cotton  acreage  have  the 
largest  impact  on  acreage  planted  to  sorghums. 
According  to  these  estimates,  a  1-acre  increase  in 
acreage  of  cotton  planted  in  the  eight  States  was 
associated  with  a  reduction  in  U.S.  sorghum  plantings 
of  between  1.3  and  1.5  acres. 

Wheat  is  the  second  major  competitor  of  sorghums 
for  production  resources  in  our  model.  Acreage  planted 
to  winter  wheat  varies  only  during  1957-60;  it  is  held 
constant  between  1961-71.  According  to  these  esti- 
mates, a  1-acre  increase  in  area  planted  to  winter 
wheat  from  1957  to  1960  reduced  planted  sorghum 
acreage  by  about  1.0  to  1.3  acres. 

Substitution  between  sorghums  and  soybeans  was 


Table  4.— Actual  and  estimated  acreage  planted  to  sorghum  in  the 
United  States,  1972 


Item 


Acreage  planted 


March  intentions  report 

Actual  plantings  

Equations: 

1   

2   

3   

4   

5   

6   

7   


Million  acres 

18.4 
17.4 

18.8 
18.0 
17.7 
17.6 
18.8 
18.5 
18.6 
17.1 


measured  by  PSS.  As  estimated,  a  10-cent  increase  in 
the  support  price  for  soybeans  decreases  sorghum 
planting  by  about  750,000  acres. 

Although  competition  between  corn  and  sorghums 
from  1957  to  1960  had  been  postulated,  no  significant 
measure  of  this  substitution  was  obtained  to  correspond 
with  the  significant  negative  relationship  obtained  in 
the  corn  studies  covering  1949-70.  It  is  possible  that 
the  shorter  period  employed  for  the  sorghum  analysis 
caused  this  apparent  discrepancy.  Prior  to  1961,  when 
there  were  no  restrictions  on  sorghum  acreage,  corn 
allotments  were  imposed  in  1950,  1954,  1955,  1956, 
1957,  and  1958.  Only  the  last  2  of  these  years  were 
included  in  the  sorghum  study  whereas  the  corn  study 
period  encompasses  all  6  allotment  years.  It  was  only 
when  restrictions  applied  to  corn  but  not  to  sorghum 
that  large  amounts  of  sorghum  were  planted  on  land 
formerly  planted  to  corn.6 

To  provide  a  partial  test  of  the  forecasting  pro- 
perties of  our  models,  acreage  planted  to  sorghums 
is  estimated  for  1972  for  all  the  equations  in  table  2. 
These  estimates  are  presented  in  table  4.  To  obtain 
these  values,  PF  and  DP  for  1972  were  calculated  to 
be  1.52  and  0.442,  respectively,  and  appropriate  data 
were  entered  for  the  other  variables. 

There  appears  to  be  considerable  variation  in  the 
predicted  values  of  planted  sorghum  acreage  among  the 
equations.  As  a  set,  equations  2,  3,  4,  and  8  would 
appear  to  be  most  accurate.  However,  because  of  the 
undesirable  features  of  equations  3  and  4  discussed 
earlier,  one  may  not  want  to  place  great  reliance  on 
these  equations,  even  though  the  forecasts  for  1972 
appear  to  be  quite  reasonable.  More  experience  with 
using  these  equations  to  forecast  planted  sorghum 
acreage  will  be  required  to  test  their  respective  validity 


6  This  argument  is  supported  by  the  fact  that  in  preliminary 
analyses  for  sorghum,  based  on  1949-71,  the  coefficient  of  ACM 
was  negative  and  significantly  different  from  zero. 
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Figure  5.  U.S.  sorghum  acreage  planted,  actual  and  estimated,  1957-71. 


as  forecasting  tools.  At  present,  they  appear  pro- 
mising. 

The  model  presented  should  prove  useful  to 
those  concerned  with  obtaining  preliminary  estimates 
of  the  relative  impact  on  sorghum  acreage  of  dif- 
ferent  levels   of   the    policy   variables,    as    well  as 


different  assumptions  about  either  the  price-support 
level  or  acreage  of  competing  crops.  Since  there  appears 
to  have  been  a  rather  stable  relationship  between  planted 
and  harvested  acres  of  sorghum  during  1957-71 
(figure  2),  the  model  could  also  be  employed  to 
estimate  harvested  acreage. 
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Soybeans  and  Their  Products:  Markets, 
Models,  and  Policy 

By  James  P.  Houck,  Mary  E.  Ryan,  and  Abraham  Subotnik. 
University  of  Minnesota  Press,  Minneapolis  55455.  284  pages. 
1972.  $10. 

The  seemingly  insatiable  demand  for  soybeans  has 
stimulated  much  interest  in  analyzing  this  demand.  This 
book  reports  on  three  research  projects  dealing  with  the 
economic  aspects  of  all  parts  of  the  soybean  industry.  In 
part  I  the  authors  describe  the  world  market  for  food 
oils  and  high  protein  meals.  In  part  II  they  develop  a 
dynamic  supply  and  demand  model  and  use  it  to 
measure  the  effect  of  alternative  Government  policies  on 
the  supply  and  demand  for  soybeans  and  their  products. 
In  part  III  the  authors  develop  a  framework  for  analyzing 
foreign  demand  for  U.S.  soybeans. 

Because  of  the  magnitude  of  the  analytical  model,  it 
was  inevitable  that  considerable  time  would  elapse 
between  completion  of  the  analysis  and  publication  of 
the  results.  All  of  the  data  in  the  book  end  with  the 
1967-68  marketing  year— a  year  when  it  appeared  that 
supply  had  about  overrun  demand.  The  expansion  of 
supply  and  the  even  more  rapidly  developing  demand 
since  1967  could  have  been  anticipated  had  the  results 
of  this  research  been  available. 

The  major  expansion  in  U.S.  soybean  production  has 
occurred  since  World  War  II.  With  the  loss  of  much  of 
the  capacity  to  produce  food  oils  in  other  parts  of  the 
world  as  a  result  of  destruction  during  the  war,  the 
demand  for  soybeans  derived  mostly  from  the  demand 
for  oil.  But  as  other  areas  returned  to  production  the 
demand  for  soybean  oil  slackened.  As  food  oil  produc- 
tion recovered,  so  did  the  economies  of  many  other 
countries,  particularly  in  Europe,  and  Japan.  As  per 
capita  incomes  rose,  so  did  the  demand  for  protein 
foods,  and  the  strong  demand  for  soybean  oil  was 
replaced  by  a  strong  demand  for  soybean  meal. 

In  satisfying  the  demand  for  protein  meal,  soybeans 
have  a  distinct  advantage  over  other  oilbearing  crops  in 
that  soybeans  yield  a  higher  proportion  of  meal  (80 
percent)  than  any  other  oilbearing  products.  Further- 
more, soybeans  are  edible  for  human  use  whereas  some 
other  oilbearing  crops  are  not. 

Even  some  far-ranging  political  events  have  stimulated 


the  demand  for  U.S.  soybeans.  The  closing  of  the  Suez 
Canal  in  1956-57  and  again  beginning  in  1967  also  raised 
the  cost  of  delivering  Chinese  soybeans  and  Indian  and 
east  African  groundnuts  to  the  European  markets.  An 
offset  was  the  decision  by  the  European  Community 
nations  to  support  the  incomes  of  domestic  producers  of 
edible  fats  such  as  butter,  olives,  and  rapeseed. 

The  analytical  model  described  in  part  II  provides  a 
reliable  indicator  of  the  effects  of  Government  policies 
on  the  supply  and  price  of  U.S.  soybeans.  Two  kinds  of 
policies  are  considered.  First  are  those  that  apply 
directly  to  soybeans  such  as  the  level  of  price  supports 
for  soybeans,  the  price  at  which  Commodity  Credit 
Corporation  soybean  stocks  will  be  sold,  and  the  extent 
of  concessionary  sales  of  soybean  oil  under  Public  Law 
480.  Other  policies  and  programs  that  affect  soybean 
production  are  those  relating  to  supply  control  and  price 
supports  for  feed  grains,  particularly  corn,  and  for 
cotton  and  wheat. 

Because  of  the  competition  for  resources  between 
soybeans  and  other  crops,  particular  attention  was  given 
to  the  effects  of  these  programs  on  soybean  production. 
Despite  the  wide  assortment  of  methods  used  by  the 
Government  to  limit  production  of  major  crops 
(excluding  soybeans)  and  to  support  prices  and  incomes 
from  them,  the  authors  are  to  be  congratulated  for 
developing  a  system  for  reducing  all  variations  and 
combinations  to  only  two  components  for  each  crop— an 
"effective  support  rate"  and  a  payment  for  acreage 
diversion.  The  model  provides  a  useful  tool  for  analysis, 
and  could  have  predicted  the  effects  of  alternative 
policies  throughout  the  1960's  on  year-to-year  changes 
in  production  of  other  major  crops  as  well  as  soybeans. 
Whether  the  model  could  encompass  the  vagaries  of  the 
set-aside  program  remains  problematical. 

The  analysis  in  part  III  looks  at  foreign  demand  for 
U.S.  soybeans  by  regions,  with  countries  grouped 
according  to  a  combination  of  geographical  proximity, 
their  stage  of  economic  development,  and  the  nature  of 
their  demand  for  soybeans,  soybean  oil,  or  soybean 
meal.  Thus  the  Mediterranean  Region  is  treated  as  a  unit, 
but  Denmark  and  Canada  are  considered  as  a  unit  in 
analyzing  demand  for  soybean  meal,  and  Israel  and 
Taiwan  are  presumed  to  have  similar  demands  for  U.S. 
soybeans.  Because  the  United  States  supplies  such  a 
large  part  of  the  world  trade  in  soybeans  and  their 
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products,  the  demand  for  these  products  within  the 
importing  countries  was  assumed  to  be  a  demand  for 
U.S.  soybeans. 

The  apparent  success  of  this  research  to  analyze 
demands  for  soybeans,  and  the  effects  of  Government 
programs  on  the  supply,  suggests  that  similar  analysis 
might  be  appropriate  for  other  major  commodities. 

James  Vermeer 


Mathematical  Methods  and  Models 
in  Economic  Dynamics 

By  Giancarlo  Gandolfo.  American  Elsevier  Publishing  Company, 
Inc.,  52  Vanderbilt  Avenue,  New  York,  N.Y.  10017.  511  pages. 
$27.50. 

This  book  is  intended  to  be  used  as  an  introductory 
text  for  difference  and  differential  equation  models  at 
the  advanced  undergraduate  and  beginning  graduate 
levels.  The  book  is  divided  into  two  parts:  Part  I  deals 
with  linear  difference  equations  with  constant  coeffi- 
cients while  part  II  treats  linear  differential  equations 
with  constant  coefficients.  Each  of  these  parts  is 
approximately  160  pages.  In  addition,  there  are  four 
appendixes  covering  a  total  of  120  pages  which  deal  with 
more  advanced  topics. 

Chapter  1  deals  with  general  terminology  such  as 
differences,  notation,  etc.  Chapter  2  discusses  the 
mathematics  of  first-order  difference  equations  while 
chapter  3  gives  examples  of  first-order  models  such  as 
the  cobweb  theorem  and  Harrod's  growth  model.  Chap- 
ter 4  goes  into  second-order  equations,  which  are 
illustrated  in  chapter  5  with  examples  such  as  Samuel- 
son's  "interactions"  and  Hicks'  trade  cycle  models. 
Chapter  6  goes  into  higher  order  equations,  with 
distributed  lags  and  inventory  cycles  used  as  examples  in 
chapter  7.  Simultaneous  difference  equations  are  pre- 
sented in  chapter  8  and  illustrated  in  chapter  9. 

No  knowledge  of  mathematics  (beyond  high  school 
algebra)  is  required  of  the  reader  for  part  I.  The  choice 
of  illustrative  examples  is  quite  balanced  and  covers  the 
important  theoretical  contributions  in  the  area.  Part  II 
covers  differential  equation  models  and  follows  exactly 
the  same  format  as  part  I.  Examples  range  from  stability 
conditions  for  market  equilibrium  (first  order)  to  stabil- 
ity of  the  Walrasian  system  and  the  dynamic  Leontief 
model  (simultaneous  systems).  Part  II  requires  at  least  an 
elementary  knowledge  of  differential  and  integral  cal- 
culus. The  four  appendixes  cover  such  advanced 
topics   as   stability   of  general   equilibrium  systems, 


nonlinear  differential  and  difference  equations,  growth 
models  of  Uzawa,  and  discussion  of  Hahn's  work  with 
multisector  growth  models. 

The  book  is  extremely  well  written,  with  a  clarity 
which  is  reserved  for  those  who  must  write  in  what  is  for 
them  a  foreign  language.  There  are  references  at  the  end 
of  each  chapter  and  appendix  so  that  the  interested 
reader  may  pursue  the  subject  further.  Included  also  in 
the  example  chapter  are  various  problems  and  exercises 
for  students  to  work.  The  material  covered  is  in  no  sense 
exhaustive,  nor  was  any  attempt  made  to  survey 
completely  the  various  areas  of  application  of  difference 
and  differential  equations.  However,  the  ardent  student 
can  come  away  with  a  thorough  understanding  of 
introductory  difference  and  differential  equations  and  a 
good  coverage  of  the  major  applications  of  these  tools. 

Dale  M.  Heien 


Quantitative  Economic  Research: 
Trends  and  Problems 

By  Simon  Kuznets.  National  Bureau  of  Economic  Besearch,  216 
Madison  Avenue,  New  York,  N.Y.  10016.  93  pages.  1972.  $1.50. 

John  Dewey,  the  noted  educator,  once  said  that  there 
is  nothing  more  practical  than  theory.  With  respect  to 
economics,  quantitative  research  is  important  in  giving 
economic  theory  practicality  because  it  makes  theory 
withstand  the  test  of  experience  and  experiment.  Only 
tested  theory  can  provide  a  practical  foundation  for 
sound  policy. 

Simon  Kuznets,  the  author  of  this  book,  is  well 
qualified  to  write  on  this  subject.  He  was  the  1971 
Nobel  Prize  winner  in  economic  science  and  is  admired 
in  economic  circles  for  his  contributions  to  theories  of 
business  cycles,  national  income  and  its  distribution,  and 
economic  growth. 

The  major  characteristic  of  quantitative  economic 
research  is  that  it  views  the  economy  as  a  unified  system 
of  interdependent  units,  with  each  component  being 
capable  of  responding  to  market  stimuli  in  a  predictive 
way.  That  is  to  say,  an  aggregative  statistical  framework 
of  necessity  must  view  the  economy  as  a  whole;  within 
the  framework,  no  one  current  problem  is  emphasized  in 
isolation  from  the  rest  of  the  economy.  Furthermore, 
this  approach  discovers  any  gaps  in  the  data  and  thus  is  a 
guide  for  the  improvement  in  data  supply. 

The  author  takes  pains  to  point  out  a  limitation  in 
the  current  situation  of  quantitative  economic  research.  It 
is  a  fact  that  little  quantitative  economic  research  is 
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done  utilizing  comparisons  of  the  growth  experiences  of 
several  countries;  almost  exclusively,  the  concentration 
of  the  economic  research  is  restricted  to  the  scholar's 
country.  This  is  a  shortcoming  that  must  be  corrected 
since  a  more  systematic  study  on  a  comparative  basis  is 
required  to  devise  general  laws  about  economic  growth. 
No  doubt  some  of  the  current  problems  of  our  economy 
are  attributable  to  our  inadequate  understanding  of 
other  economics. 

Quantitative  research  will  always  be  under  pressure  to 
answer  questions  raised  by  the  dynamism  of  changing 
economics  and  to  resolve  the  complex  questions  that 
have  been  with  us  for  such  a  long  time. 

Jack  Ben-Rubin 


Economic  Analysis  of  Agricultural  Projects 

By  J.  Price  Gittinger.  Published  for  The  Economic  Development 
Institute,  International  Bank  for  Reconstruction  and  Develop- 
ment by  the  Johns  Hopkins  Press,  Baltimore,  Md.  21218.  221 
pages.  1972.  $10. 

The  fact  that  this  book  is  the  first  of  a  series  by  the 
Economic  Development  Institute  may  be  somewhat 
misleading.  Rather  than  being  an  economic  treatise,  it  is 
a  "how  to  do  it"  book  for  those  entrusted  with  selecting 
agricultural  development  projects.  The  foreword  notes 
parenthetically,  "It  is  surprising  how  many  people  with 
very  good  economic  educations  have  never  had  an 
opportunity  to  become  familiar  with  applied  project 
analysis  methodologies."  There  is  no  longer  a  legitimate 
excuse  for  this.  Gittinger  illustrates  the  advantages  and 
disadvantages  of  several  measures  of  project  worth, 
including  benefit-cost  ratios,  and  discounted  cash  flow 
measures  from  which  may  be  derived  net  present  worth 
and  internal  rate  of  return.  Unfortunately  there  is  no 
formula  for  calculating  the  exact  internal  rate  of  return. 
It  may  be  approximated  and  interpolated  rather  simply 
by  trial  and  erroi  Neither  the  benefit-cost  ratio  nor  the 
net  present  worth  criterion  can  be  relied  upon  to  rank 
alternative  project  investment  possibilities.  Even  the 
internal  rate  of  return,  which  the  World  Bank  uses  for 
economic  and  financial  analyses  of  practically  all  of  its 
projects,  can  lead  to  an  erroneous  choice,  if  not  carefully 
used,  in  dealing  with  mutually  exclusive  projects.  For 
this  reason,  the  World  Bank  uses  several  different 
analyses.  Gittinger  contrasts  the  use  of  "most  probable 
outcome  analysis,"  including  sensitivity  analysis  dis- 
cussed in  this  book,  with  "probability  analysis"  also 
used  by  the  Bank,  which  requires  the  use  of  a  computer. 


This  book  is  clearly  written  for  the  noneconomist.  Its 
simple  language  will  be  a  help  to  those  of  its  prime 
customers  less  fluent  in  English.  It  still  demands  of  the 
reader  a  high  desire  to  know.  The  economist  who 
is  a  project  planner  will  not  find  this  book  beneath 
him.  It  is  written  by  an  economist  who  has  grappled 
with  the  theoretical  and  practical  concepts  of  choosing 
among  competing  demands  for  the  development  dollar. 
He  is  ready  to  reference  theoretical  discussions  for  those 
who  desire  further  conceptual  refinements.  The  distinc- 
tion between  economic  analysis  to  judge  the  effects  of  a 
project  on  the  economy  as  a  whole  and  the  financial 
analysis  necessary  to  judge  the  project's  ability  to  meet 
its  financial  obligations  is  clearly  presented. 

The  focus  is  almost  completely  on  selection  of 
agricultural  projects  in  developing  countries.  Those 
familiar  with  the  current  arguments  regarding  project 
interest  rates  in  the  5  to  7  percent  range  may  be 
surprised  at  the  opportunity  cost  of  capital  in  the  14  to 
18  percent  range  common  in  developing  countries. 

This  book  is  undoubtedly  a  must  for  those  who  have 
to  prepare  and  select  among  project  plans  for  developing 
countries.  It  is  also  a  must  for  those  economists  who 
want  to  sharpen  their  intuition  by  studying  the  actual 
and  hypothetical  examples  and  comparisons  selected  by 
Gittinger  from  his  experience  with  the  World  Bank. 

Howard  A.  Osborn 


The  Green  Revolution  in  West  Pakistan 

By  Leslie  Nulty.  Praeger  Publishers,  Inc.,  Ill  Fourth  Avenue, 
New  York,  N.Y.  10003.  150  pages.  1972.  $12.50. 

"The  Green  Revolution  in  West  Pakistan"  certainly  is 
a  book  that  needs  to  be  written,  but  this  volume  by  Leslie 
Nulty  is  not  that  book.  Such  a  book  would  encom- 
pass new  developments  in  water,  seeds,  fertilizers, 
pesticides,  mechanization,  agricultural  education,  water- 
shed management,  and  credit  availability,  to  name  a  few. 
This  book  unfortunately  lacks  such  a  panoramic  view.  It 
covers  mostly  aspects  of  water  development,  especially 
in  tubewells,  with  a  brief  pass  at  such  things  as  cropping 
patterns,  land  tenure,  and  farm  income,  mostly  in 
relationship  to  tubewells.  The  conclusion,  which  deals 
with  the  widening  disparity  between  poor  and  rich 
farmers,  is  interesting.  The  subject  best  covered  is,  of 
course,  tubewells. 

Even  in  coverage  of  water  development,  there  is  a 
lack  of  historical  perspective.  Pakistan  may  be  a  new 
country,  but  the  region  is  a  very  old  one,  parts  of  it 
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having  been  occupied  by  man  for  thousands  of  years  and 
irrigated  for  more  than  three  centuries.  The  original 
system,  with  many  modern  additions,  is  still  in  use 
today.  Miss  Nulty  seems  to  be  unaware  of  this  fact. 

In  the  entire  150  pages  of  this  book  there  is  only  one 
map,  on  page  20,  of  the  Indus  drainage  basin  only.  The 
map  is  interesting,  maybe  even  adequate,  but  it  is  hard 
to  tell  since  the  print  is  so  small  as  to  be  almost 
unreadable.  There  is  no  map  of  all  West  Pakistan, 
showing  provinces,  elevations,  rainfall,  etc.  If  there  were 
such  a  map,  it  would  make  the  text  more  compre- 
hensible. To  show  the  importance  of  precipitation,  for 
example,  the  1970-71  wheat  crop  was  down  from 
1969-70  entirely  due  to  deficit  of  rainfall.  Rainfall  not 
only  benefits  the  crops  but  also  helps  irrigation  water 
levels  in  rivers  and  canals. 

The  economics  of  inadequate  water  use  by  the  farmer 
is  well  covered.  There  should  be  more  indepth  informa- 
tion about  soil  salinity,  probably  the  most  serious 
problem  faced  by  West  Pakistan  in  its  agricultural 
development.  Salinity  is  a  very  old  problem  in  that 
region.  There  is  another  serious  difficulty  not  even 
mentioned  in  this  book— that  of  watershed  management. 
The  life  expectancy  of  some  of  the  new  dams  may  be 
considerably  shortened  by  excess  erosion  of  the  water- 
sheds. 

Even  though  tubewells  are  important,  the  green 
revolution  is  not  tubewells  alone  as  it  would  appear  from 
reading  this  book.  As  of  1970,  tubewells  provided  water 
for  less  than  10  percent  of  the  total  irrigated  lands.  The 
West  Pakistan  Government  had  been  laying  the  ground- 
work for  the  green  revolution  as  early  as  1960.  The 
green  revolution  takeoff  started  when  West  Pakistan 
imported  about  42,000  tons  of  semidwarf  wheat  seed 


from  Mexico  in  1967.  In  1968.  about  16  percent  of 
wheat  acreages  were  planted  to  Mexican  high-yield 
varieties  (HYV),  afterward  renamed  Mexipak.  This  acre- 
age yielded  35  percent  of  the  total  wheat  crop  of  1968, 
the  largest  wheat  crop  in  the  history  of  West  Pakistan.  I 
am  not  downgrading  the  importance  of  water  in  the 
agricultural  development  of  West  Pakistan,  but  I  am  not 
going  to  say  that  water  is  the  only  factor  responsible  for 
the  green  revolution  in  West  Pakistan. 

The  new,  imported  HYV  seeds  had  higher  water 
requirements  than  the  native  varieties  and  were  also 
fertilizer  responsive.  This  is  what  spurred  water  develop- 
ment and  chemical  fertilizer  use.  Inadequate  pest  and 
disease  control,  which  is  not  covered  by  Miss  Nulty,  may 
be  a  major  problem  in  the  future.  When  climate, 
weather,  temperature,  humidity,  host  plant  conditions, 
and  other  factors  are  right,  the  crop  plant  pest  and 
disease  problem  will  be  out  of  control. 

The  tables  in  this  book  deal  mostly  with  subjects 
relating  to  tubewell  development  and  are  helpful  in  that 
limited  area.  There  is  a  lack  of  tables  on  total  crop 
production.  The  table  on  landownership  patterns  (p. 
34),  an  extremely  important  subject,  apparently  dates 
from  the  1950's  and  is  so  old  as  to  be  almost  useless. 
Several  of  the  other  tables  are  also  old. 

This  book  would  have  been  more  aptly  named 
"Tubewell  Development  in  West  Pakistan."  Leslie  Nulty 
has  done  a  beautiful  job  of  covering  that  segment  of  the 
green  revolution.  Unfortunately,  other  aspects  were 
either  absent  or  insufficiently  covered.  However,  if  you 
want  to  know  about  tubewell  development  in  West 
Pakistan  you  simply  must  read  this  book. 

Amjad  H.  Gill 
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